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Abstract 
Expressed sequence tag (EST) analysis is an efficient approach in gene profiling, 
gene discovery and also development of molecular resources for functional genomics. 
EST analysis was conducted for gene annotation and profiling using complementary 
DNA libraries developed from black seabream pituitary. Two rounds of analysis have 
been performed. In the larger scale analysis, a total of 2000 pituitary cDNA clones 
were analyzed. Of the 2000 clones, 897 clones (44.85%) were identified as orthologs 
of known genes from other organisms by the Basic Local Alignment Search Tool 
(BLAST) searches and 426 clones (21.3%) as novel clones. In addition, 31 genes 
(1.55%) were categorized as genes first time found in fish. 
Seasonal changes have big impacts on the pituitary gene expression profiling as 
there are great variations in environmental factors throughout the year. Different 
pituitary messages were selected from the EST clones of black seabream pituiary and 
were categorized as (1) housekeeping genes; (2) stress proteins; (3) reproductive 
genes; (4) signal transduction genes; (5) hormones and hormone related proteins; (6) 
genes involved in osmo-regulation and acid-base balance; (7) genes involved in 
energy metabolism and (8) genes involved in redox balance and antioxidant defense. 
The expression of these genes in different months of the male and female fish were 
determined by dot blot analysis. By Northern blot analysis and real time-PCR, 
seasonal changes of the growth hormone family were examined in the pituitary. These 
results provide the basis for future experiments on environmental challenges on the 
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Chapter 1 Introduction 
1.1 Endocrine system and the pituitary gland in teleosts 
Fish is a usefiil model for genetic studies as they are the oldest and most diverse 
vertebrates (Power, 1989). They live in a wide range of habitats and thus have 
developed a series of evolutionary strategies and mechanisms to adapt to these diverse 
environments. Other advantages over other organisms for fishes to be used as models 
for animal studies are their high reproductive capacity and the external mode of 
fertilization. Moreover, the economic and recreational importances of some fishes 
have made them favored models for studies (Powers, 1989). There are over 25000 
species of fish and over 95% of them are teleosts which constitute half of all the 
vertebrate species. However, not many teleost species have been studied to date 
(Ostrander, 2000). 
A variety of stimuli from both environmental and endogenous origin affect 
physiological processes within an animal. The normal functioning of the cellular 
components of tissues and organs relies on the balance of an internal environment 
(Hadley, 1992). For example, the nervous system works with the endocrine system 
and immune system to maintain homeostasis of diverse physiological processes such 
as development, reproduction, growth, maintenance of the internal environment, 
energy availability and behavior (Ostrander, 2000). 
1 
The pituitary of fishes consists of two distinct tissues that can produce hormones: 
the neurohypophysis and adenohypophysis. The adenohypophysis in most fishes is 
differentiated into the rostral and poximal pars distalis and the pars intermedia (Fig. 
la). Pituitary hormone secretion is under the control of neurohormones secreted from 
the neurosecretory nuclei of the hypothalamus. All of them constitute the 
hypothalamo-hypophysial axis (Ostrander, 2000). 
j Teleost Pituitary j  
i  
.. “ 
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Figure la A flow diagram representing the structure and different cell types in teleost 























































































































































































































































































































































































































































































































































































1.2 The biology of black seabream (Acanthopagrus schlegeli) 
The black seabream, Acanthopagrus schlegeli (Bleeker, 1854), a member of the 
Sparidae, is a marine fish of commercial and recreational importance in Asia 
including Japan, Korea, China (including Hong Kong and Taiwan), and Southeast 
Asia countries (Sadovy and Cornish, 2000). 
Although marine fish can tolerate a wide salinity range, this euryhaline species 
of black seabream are never found in fresh water and also does not require a fresh 
water environment in their life cycle (Kelly et al., 1999A). Their living environment is 
estuarine with a degree of salinity variation. They have sufficient osmoregulatory 
mechanisms to withstand the natural exposure to salinity fluctuation (Kelly et al., 
1999B). 
Black seabream, likes other seabreams, has a special characteristic on sexual 
development. They are protandrous hermaphrodites which are functional males for 
the first 2 years of life. However, they start to change sex during the third year. About 
40% of cultured black seabream change to females, while the remaining is the male in 
spawning season of third or fourth years (Chang et al., 1994). This phenomenon is 
commonly known as sexual reversal. 
Sex reversal is an integrative, multi-level phenomenon which may be triggered 
by specific environmental stimuli, reaching the neuroendocrine system causing the 
4 
predictable anatomical changes in the reproductive system of a hermaphrodite fish. 
Theoretically speaking, estrogens and androgens which control the sex differentiation 
in fish may be involved in the process of sex reversal (Chang et al.，1997). Chang's 
research group has examined several sex hormones, their receptors and some related 
enzymes activity on the sex change mechanism in black seabream. They first 
speculated that the elevated aromatase activity in gonads, elevated estradiol-17p (E2) 
levels in plasma, and diminished levels of plasma 11 -ketotestosterone (11-KT) might 
be associated with the occurrence of sex reversal in protandrous black porgy (Chang 
and Lin, 1998; Lee et al., 2001). They further examined the regulation of gonadal 
aromatase activity and sex change by E2 and gonadotropin II (GTH II) in black 
seabream (Du et al., 2001). 
Black seabream is now facing a serious problem of pollution of heavy metals and 
endocrine disrupters in coastal waters. Many synthetic chemical compounds are able 
to mimic estrogens leading to unpredictable endocrine disruption in fish (Arukwe and 
Goksoyr, 2003). Heavy metal ions can also be found in coastal sediments, some of 
them might have physiological effects on reproductive system or neuroendocrine 
system. These chemical agents may cause serious water pollution and results in the 
enormous loss in commercial area. 
5 
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a 
Figure Ic Appearance of juvenile black seabream {Acanthopagrus schlegeli). 
Figure Id Appearance of adult black seabream {Acanthopagrus schlegeli). 
6 
1.3 Seasonal variation of gene expression in black seabream pituitary 
Many seasonal environmental factors, for example temperature, photoperiod, 
food and pollutants can become stresses which are associated with disease and 
mortality in fish (Ju et al, 2002). It is amazing that fish possesses a great adaptability 
to a wide range of temperature to provide the homeostatic condition for survival 
comparing to the homeotherms (Dunn, 1987). However, adaptation to the cycling 
seasonal changes of the environment for fish and to transduce these changes to 
molecular signals is a complex mechanism (Molina, 2002), which is so-called 
seasonal acclimation. Molecular and gene expression adjustments are required to 
maintain the homeostatic condition in seasonal acclimation of eurythermal fish for 
survival (Sarmiento et al, 2000). 
Since fish acclimatization and acclimation involves the complex physiological 
adaptive mechanisms, lots of researches have focused on this topic. They include 
studies on the seasonal transcriptional modulation in the hypothalamus-pituitary axis 
(Figueroa et al., 1997; Arends et al., 1998; Kausel et al., 1999); muscle (Goldspink, 
1995) and cell membrane fluidity response (Tiku et al., 1996); and the profound 
changes in ribosomal biogenesis as the result of the seasonal environmental variations 
(Vera et al., 1997; Kausel et al., 1999). 
Pituitary, is one of the major endocrine organs, which act as a central node in 
7 
modulation of the expression of pituitary hormones in regulating the adaptive 
compensatory response to seasonal changes (Kausel et al, 1999). The expression of 
growth hormone (GH)，prolactin (PRL) and somatolactin (SL) was reported to be 
modulated upon seasonal adaptation in common carp (Cyprinus carpio) (Figueroa et 
al., 1994), rainbow trout (Rand-Weaver et al., 1995), gilthead seabream {Sparus 
aurata) (Mingarro et al•，2002) and masu salmon {Oncorhynchus masou) (Bhandari et 
al., 2003). Seasonal changes of responses to gonadotropin releasing hormone (GnRH) 
in expression of GH/PRL/SL genes, in the pituitaries of growing and maturing masu 
salmon were also examined (Bhandari et al., 2003). 
Pit-1, which is a POU domain transcription factor expressed only in the anterior 
pituitary gland to control GH/PRL/SL expression (Andersen and Rosenfeld, 1994), 
also played a role in the complex mechanism of adjustment to environmental changes 
in common carp (Kausel et al, 1999). Proopiomelanocortin (POMC), which is the 
precursor of stress hormones showed the evidence for the differential expression 
during temperature-induced stress and also different ambient temperatures in the 
tetraploid carp (Arends et al., 1998). The seasonal changes of hormone gene 
expression in fish pituitary is mainly related to the growth and reproduction and these 
processes is essential to fish survival. However, lots of gene regulation in fish 
pituitary upon seasonal adaptation is still not clear. 
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1.4 Expressed sequence tag (EST) analysis 
To identify genes expressed in cells of a tissue is a basic step towards 
understanding the gene function and the tissue physiology. One of the efficient 
approaches to characterize transcripts of genes is to partially sequence cDNA clones 
from cDNA libraries obtaining expressed sequence tags or ESTs (Adams et al., 1991). 
The EST analysis can provide fruitful information concerning gene expression 
profiles (Waterston et al” 1992; Hofte et al., 1993; Azam et al., 1996) and is also very 
useful in functional genomics, environmental genomics and toxicogenomics studies 
(Ermolaeva et al., 1998; Moch et al., 1999; van Hal et al, 2000). In addition, ESTs are 
rich resources for type I polymorphic markers (Wang et al., 1998; Emahazion et al., 
1999; Liu et al., 1999). Upon sequence analysis, ESTs can be catalogued in several 
ways, e.g. tissues specificity (Hishiki et al” 2000), biochemical pathways (Mekhedov 
et al., 2000), or as high fidelity set of non-redundant transcripts (Boguski and Schuler, 
1995). These can be used for more extensive functional annotation, and integrated 
with linkage and physical mapping information. 
The number of molecular bioinformatic databases is growing faster and faster in 
the past decade among different species of organisms. However, the percentage of 
ESTs generated from teleosts is just one-fifty of all ESTs in the dbEST reported in 
Kocabas, paper in 2002. Zebrafish {Danio rerio), which is the most favored teleost 
9 
species to be studied, has almost 95% of dbESTs in teleost dbESTs. It is no doubt that 
much effort should be put on the EST development in marine species. It seems that 
another fish species, channel catfish {Ictalurus punctatus), has become the second 
target in EST development in the United States. The EST analysis using libraries 
made from muscle, pituitary, brain, head kidney, skin and spleen of channel catfish 
have been reported (Karsi et al.，1998; Ju et al., 2000; Cao et al., 2001; Karsi et al.， 
2002; Kocabas et al., 2002). Others include Altantic salmon (Salmo salar) (Davey et 
al., 2001) and tilapia {Oreochromis mossambicus) (Shiue et al., 2004). In this project, 
black seabream is the target in this EST analysis. 
Upon EST sequencing, abundant gene sequences will be discovered. These 
gene sequences are very useful in gene expression analysis for different purposes. 
Seasonal analysis of gene expression profile is the goal of this project and several 
molecular biology techniques were used including Northern blot, dot blot analysis and 
real time- PGR. 
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1.5 Basic Local Alignment Search Tool (BLAST) 
In EST analysis, an important and useful tool for analysis of the sequences is 
indispensable. This tool is used to evaluate the sequence alignments and provided by 
NCBI (http://www.ncbi.nlm.nih.gov). The Basic Local Alignment Search Tool 
(BLAST) is a sequence similarity search program used via a web interface or as a 
stand-alone tool (Altschul et al., 1990). Several types of BLAST programs can be 
chosen to compare all combinations of nucleotide or protein queries with nucleotide 
or protein databases (McGinnis and Madden, 2004). 
In the BLAST program, it aligns the query sequence to their databases. 
According to the types of query sequences, there are several types of databases 
including Nucleotide, Protein, Translated and Genomes. In the comparison of 
sequence alignments, a system to calculate means of scoring matches and mismatches 
and scoring gaps to evaluate numerous possible alignments is needed. 
A scoring matrix is used to evaluate the biological meaning of sequence 
alignments. The calculation in nucleotide sequences comparison is simpler than that 
in protein sequences comparison. The reason is that there are only matches and 
mismatches in nucleotide sequences comparison but the case in protein sequences 
comparison is more complicated. It involves the substitution matrices, in which the 
frequency of occurrence of any amino acid substituted for another and its chemical 
11 
nature are also taken into account. There is also a penalty on the residues having low 
probability of being homologous in the alignments. This can help in correction of the 
evolutionary descent (Pertsemlidis and Fondon, 2002). 
In addition to the scoring matrix, a gap penalty is also introduced in the BLAST 
program to increase the accuracy of the sequence alignments evaluation. Due to 
mutational events, insertions and deletions occur frequently causing gaps in sequences. 
Most of the time, sequencing error may cause a gap, thus, checking the quality of 
sequence is necessary. Gap penalty occurs when the creation of a gap is large enough 
to make an insertion or deletion by several residues. The gap extension is another 
consideration in the gap penalty (Pertsemlidis and Fondon, 2002). 
Another important concept in BLAST is high-scoring segment pairs (HSPs). 
HSPs are same length of pairs of segments without gaps being compared showing a 
score that exceeds a given threshold. When this score is the highest in this pair of 
similar segments, this score is called maximal-scoring segment pair (MSP). Since 
there should be several segment pairs in a similarity alignment, the raw score for a 
local sequence alignment is the sum of the individual scores making up the MSP. 
Since these incomparable raw scores may come from different scoring matrices, bit 
scores (S) are used for comparison between the results of different sequences 
alignments. The scale or log base of scoring matrix and the scale of the search space 
12 
size are taken into account in S. The probability of observing a score S greater than or 
equal to a given threshold when comparing two random sequences should be given by 
the extreme value distribution and it can also be obtained by chance in certain 
conditions. If a particular score should be observed in a database of sequences, it is 
given by the Poisson distribution (Altschul et al., 1990). 
E value which is the expectation value for the Poisson distribution told about the 
probability of getting a score as high as the one observed between 2 sequences by 
chance. It is useful in estimating the number of alignment in searching against a 
random database of the same composition. In case of getting an E value greater than 1， 
it means finding this alignment is occurred by chance and the query sequence is not 
related to the aligned sequence found in database. On the other hand, it is biological 
significant when E value is less than 0.1 or 0.05 and this E value is commonly used 
for a measure of statistical significance (Pertsemlidis and Fondon，2002). 
It is essential to perform searches in both nucleotide and protein databases at the 
same time for a complement. Since the protein sequences provide more information 
on the protein evolution and functional structure, protein sequence comparison 
becomes a more powerful tool for inferring structure and function from sequence. 
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1,6 Aim of this study 
Teleost pituitary plays an important role in regulating the whole body 
homeostasis. It secretes many hormones and regulates many actions in teleost 
including growth, reproduction, osmoregulation and immune response. In this study, 
black seabream has been used as a model in the EST analysis of teleost pituitary. It is 
interesting to investigate different hormone genes expressed in seabream pituitary and 
the regulation of these genes expression over a year. Thus, the aims of the present 
study are as follows: 
1. to generate a set of ESTs from the black seabream pitutiary using seabream 
pituitary cDNA libraries in order to find out the gene expression pattern in the 
seabream pituitary and also to facilitate the subsequent array study; 
2. to obtain the full-length sequences (all ORF and all 3'UTR) of different 
important genes from the black seabream pituitary cDNA libraries; and 
3. to study the seasonal gene expression profile in seabream pituitary using 
Northern blot, dot blot and real time-PCR. 
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Chapter 2 Materials and Methods 
2.1 Preliminary EST analysis of black seabream pituitary cDNA libraries 
Tissue preparation 
Fishes were caught from the Sam Mun Tsai and were killed by decapitation. 
Pituitary glands were rapidly frozen with liquid nitrogen and stored at -70°C. 
Construction of pituitary cDNA library 
The black seabream pituitary cDNA libraries were given from Prof. Christopher 
H.K. Cheng (C.U.H.K.). Two directional cDNA libraries of the pituitary were 
constructed using the pCMVSport 6.0 vector. The size-selected cDNAs, containing a 
Notl restriction site at 3' end and a Mlul+SaR restriction site at 5' end, were cloned 
into A^ort+5'a/I-digested pCMVSport 6.0 vector. The difference of two libraries is the 
insert sizes. The insert size in small library is below 2 kb while that in large library is 
above 2 kb. 
Plasmids preparation and sequencing analysis 
The plasmid cDNA libraries were plated to appropriate density to pick individual 
colonies. Two hundred random clones were picked from each black seabream 
pituitary cDNA libraries and grown in liquid culture in LB medium overnight in 
sterile 96-well plates for insert size checking The PGR conditions for checking insert 
size were: 94°C for 30 s, 55°C for 30 s，72°C for 3 min for 35 cycles. An initial 2-min 
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denaturation at 94°C and a 10-min final extension at 72°C were used. The PGR 
primers used for checking insert size were universal primer SP6 forward and T7 
reverse primers. The clones with single inserts were then grown in liquid culture in 
LB medium overnight in sterile 96-well blocks for plasmid preparation. Plasmid DNA 
was prepared by alkaline lysis method using the Qiagen Spin Column Mini-plasmid 
kits. Mini-preparation plasmid DNA was used for sequencing reactions. DNA 
sequencing was performed in a local sequencing company, Tech Dragon Limited and 
an automatic Genetic Sequencer 3100 provided in The Chinese University of Hong 
Kong (Department of Molecular Biotechnology). Plasmid DNA was sequenced in the 
forward and/or reverse directions by cycle sequencing, using universal SP6 forward 
and T7 reverse primers. Vector sequences were removed before searching for 
homologies using BLAST through Internet (NCBI, Bethesda, MD). Matches were 
considered to be significant only when the probability (P) was less than 0.001 and 
scores were greater than 80 for BLASTN and TBLASTX with all parameters at 
default. 
Full-length sequencing of black seabream hormones clones 
The longest clones of different hormones were selected for ftill-length 
sequencing (all ORF and all 3'UTR). They included clone 1319 for growth hormone 
(GH), clone 1220 for somatolactin (SL), clone 1424 for proopiomelanocortin (POMC), 
16 
clone 1448 for gonadotropin-a subunit (GTH-a) and clone 1209 for gonadotropin-p 
subunit (GTH-p). 
The primers used for full-length sequencing of GH clone 1319 were forward 
primers: SP6: 5，ATT TAG GTG ACA CTA TAG 3’； bsGHFPl 5, CGA ACC TAG 
GAA CTA CTT GC 3' and reverse primers: T7: 5' TAA TAG GAC TCA CTA TAG 
GG3'; bsGHRPl: 5' GCAAGTAGT TCG TAG GTT CG 3,. 
The insert sizes of identified SL cDNA clones from 400 clones by sequencing 
have been double checked by restriction enzyme digestion to obtain the longest clones 
among them. The restriction enzymes used were Xho\ and EcoRV. SL clone 1220 was 
used for the full-length sequencing. The primers used for full-length sequencing of SL 
clone 1220 were forward primers: SP6: 5’ ATT TAG GTG ACA CTA TAG 3,; 
bsSLFP2: 5' CTG ATG AGT CTG GAG CAA GG 3,; bsSLFPS: 5' GAG TTT GTA 
TTC CTC GCT GG 3’； bsSLRPl: 5' GGT GAA GGA GAG TGT GCG AG 3, and 
reverse primers: T7: 5' TAA TAG GAC TCA CTA TAG GG 3,; bsSLFRPl: 3' CTC 
GCA CAC TCT CCT TCA CC 5'; bsSLRP2: 3, CGG AAC TCA AGG CTT TAT GC 
5,. 
The primers used for full-length sequencing of POMC clone 1424 were forward 
primers: SP6: 5' ATT TAG GTG ACA CTA TAG 3，； bsPOMCFPl 5，AAA GTC TAG 
ACC TCC AAC GG 3' and reverse primers: T7: 5' TAA TAG GAC TCA CTA TAG 
17 
GG 3’； bsPOMCRPl: 5，AGA CCT CGG CTG ACT CCT CC 3'; bsP0MCRP2: 5' 
ATA CTG GCA CTT TGTAGA CG 3’. 
The primers used for full-length sequencing of GTH-a clone 1448 and GTH-P 
clone 1209 were forward primers: SP6: 5，ATT TAG GTG ACA CTA TAG 3’ and 
reverse primers: 17: 5' TAA TAG GAC TCA CTA TAG GG3'. 
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2.2 Larger scale EST analysis of black seabream pituitary cDNA libraries 
Elimination of the redundant clones 
The procedures for 2000 ESTs analysis was similar to the preliminary analysis 
with an additional step of elimination of redundant clones. Before plamsid preparation 
and sequencing, the hormone genes of GH, SL, POMC, GTH-a and GTH—p were 
eliminated using multiplex PCR. 
Two rounds of multiplex PCR had been performed. Multiplex PCR primers were 
designed according to the sequences of different black seabream hormone genes. The 
PCR master mix included 1 lal of diluted bacteria colony, IX PCR buffer with MgCh, 
5 units of DNA Taq polymerase, 0.2 mM of dNTP, 0.2 mM of master mix of five pairs 
of forward and reverse hormone primers and dH20 to adjust the final volume. The 
PCR conditions for checking redundant clones were: 94�C for 30 s, 55�C for 30 s， 
720c for 3 min for 35 cycles. An initial 2-min denaturation at 94°C and a 10-min 
extension at 72°C were used. 
Table 2.1 and Table 2.2 show the primers and product sizes of the multiplex 
PCR primers used in first and second round multiplex PCR, respectively. Sequencings 
were performed in a oversea sequencing company, Macrogen Limited in South Korea. 
Plasmid DNA was sequenced in the forward direction by cycle sequencing, using 
universal SP6 forward primer. Vector sequences were removed before searching for 
19 
homologies using BLAST through Internet (NCBI, Bethesda, MD). Matches were 
considered to be significant only when the probability (P) was less than 0.001 and 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.3 Northern blot analysis of gene expression levels of growth hormone 
(GH), prolactin (PRL), somatolactin (SL) and p-actin in adult female black 
seabream pituitaries 
Seasonal samples collection and RNA preparation 
Twenty adult black seabream weighing about 0.6-1 kg were collected from Sai 
Mu Tsui, Tai Po. After decapturation, all pituitaries were collected. Total RNA was 
isolated from pituitaries using Trizol reagent (Roche, U.S.A.). The quality of the RNA 
was assessed by agarose gel electrophoresis, which showed intact 28S and 18S rRNA 
species (Fig. 2a). All samples were frozen into liquid nitrogen and kept at -80°C until 
assay. 
Northern blot analysis 
Total RNA (10 jig) isolated from adult female black seabream pituitaries on 
August of 2003 and February of 2004 were separated by electrophoresis on a 1.2% 
formaldehyde agarose gel and transferred to Hybond N^ membrane (Amersham 
Pharmacia Biotech™, U.K.) by unidirectional capillary transfer. The transfer was 
allowed to proceed for 16 hrs. The membrane was washed with 2X SSC, air-dried, 
UV cross-linked in an UV-cross-linker for 4 min. The membrane was prehybridized 
丁 ivi 
with Rapid Hy-B hybridization buffer (Amersham Pharmacia Biotech , U.K.) with 
denatured calf thymus DNA at 65�C for 30 mins. DNA probe was prepared by enzyme 
digestion followed by gene clean (GibcoBRL). 50 ng of DNA probe was labelled with 
50 |iCi [32p]-dCTP (Amersham Pharmacia Biotech™, U.K.) at 37�C for 30 mins by 
23 
random labeling (Ready-to-go™). Unincorporated [^^P]-dCTP was removed by Micro 
Bio-Spin column (Bio-Rad). The membrane was hybridized with the radioactive DNA 
probe for 2 hrs at 65°C. After washing twice with 2X SSC containing 0.1% SDS at 
room temperature for 15 mins, once with IX SSC containing 0.1% SDS at 65�C for 
20 mins and once with 0.IX SSC containing 0.1% SDS at 65�C for 20 mins, the 
membrane was subjected to autoradiography for 6 hrs (GH and SL), 2 days (PRL) and 
15 mins (p-actin) at-80°C. 
Statistical analysis 
The data were analyzed by analysis of variance. The source of variation from 
significant was determined with the one-way ANOVA using turkey test. 
Figure 2a Quality of the RNA assessed by agarose gel electrophoresis showing intact 
28S and 18S rRNA species. 
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2.4 Real time-PCR analysis of seasonal expression of growth hormone 
family genes in black seabream pituitary 
First strand cDNA synthesis 
RNA (1 |ig) was reversed transcribed in a 20-|il reaction for 1 h at 37�C. The 
reaction mixture consisted of 10 pmol of oligo dT primer, 250 U of MMLV RNase H' 
reverse transcriptase in IX reverse transcriptase buffer, 10 mM dithiothreitol (DTT), 
0.5 mM dNTP and 2 U of RNase inhibitor (Invitrogen, U.S.A.). Each cDNA was 
mixed with 30 )il of autoclaved distilled water and this diluted preparation was used 
as the template of each SYBR Green I assay for the 4 target genes, GH, PRL, SL and 
GAPDH. 
Oligonucleotide primers design 
The predicted PGR amplification specificities of GH, PRL, SL and GAPDH 
primer sequences from existing sequence information of the ESTs of the black 
seabream pituitary cDNA library were determined using the Primer Premier program 
(Tucows) according the manufacturer's instructions. This program selects primer sets 
with optimized melting temperatures, secondary structures, base compositions and 
amplicon lengths for use with the Stratagene MxSOOOP™ Real-Time PGR System. 
The primers used in this study were obtained from Invitrogen (U.S.A.) with 


















































































































































































































































































































































































































PCR component and cycling conditions 
Reactions were prepared in 0.2 ml thin-walled optical grade PCR tubes with flat caps 
(Axygen Scientific) by addition of the following components: 12.5 |il of Brilliant SYBR Green 
QPCR master mix (a 2X-concentrated mixture of Taq DNA polymerase, Mg2+, uracil DNA 
glycosylase (UDG), dNTPs with UTP and optimized buffer components from Stratagene, U.S.; 
1.25 |il of forward and reverse primers (1 |iM each); 1.5 fil of Rox reference dye (5 |iM); 6.5 i^l 
nuclease free water and 2 \x\ of cDNA template. 
Standard procedures for the operation of the Mx3000P™ Real-Time PCR System, as 
described in the instrument's manual, were followed in this study. This included the use of all 
default program settings with the exception of reaction volume, which was changed from 50 \i\ 
to 25 [il The activation step in the hot start reaction was 95�C for 10 min followed by the PCR 
amplification phase of the experiment. The thermal cycle conditions consisted of 40 cycles of 30 
s at 95�C, 1 min at 58�C and 1 min at 72°C. For the dissociation curve, a 1 minute incubation at 
95°C followed by 41 successive 30-second plateaus incubation at 55�C with temperature 
increased by 1�C for each plateau was performed. Cycle threshold (Ct) determinations were 
automatically performed by the instrument for each reaction using default parameters, 
(performed by subtracting the background noise.) Assays for expressions of GH, PRL, SL and 
GAPDH in the same DNA samples were performed in separate reaction tubes. 
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2.5 Dot blot (miniarray) analysis of seasonal expression of different genes 
expressed in black seabream pituitary 
Preparation of DNA miniarrays 
Each of the cDNAs corresponding to the gene expressed in black seabream pituitary was 
acquired from the ESTs of cDNA library of black seabream pituitary. Universal primers were 
used to amplify cDNAs of selected clones in the ESTs. Additional DNAs, including human cell 
line 60 was used as negative and, 28S ribosomal protein, beta-actin and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were used as positive controls. cDNAs 
were amplified using the PGR with universal primers (T7, SP6，Ml3 forward primer and Ml3 
reverse primer). Plasmid DNA was used in 50 [il PGR reaction containing IX PGR buffer with 
MgCb, dNTP, each primer and 5 units of Taq DNA polymerase. Initial denaturation was at 94°C 
for 2 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 55-60°C for 30 s 
and extension at 72°C for 3 min and 1 cycle of final extension at 72°C for 10 min. Aliquots of 
these PGR products were separated by electrophoresis on 1.5% agarose gels to verify their size 
and purity. PGR products were purified with the Rapid PGR purification kit (GibcoBRL, Life 
Technology) and then quantified with a spectrophotometer at an absorbance of 260 run. Purified 
PGR products (40 ng per well) were spotted on nylon filters with a dot blot apparatus (Bio-Rad) 
according to the instruction manual. 
RNA isolation and labeling 
Total RNA was extracted from black seabream pituitary using the Trizol reagent (Roche). 
RNA samples were quantified by spectrophotometry and then separated by electrophoresis in 
1% agarose to determine their integrity (Fig. 2a). Total RNA (5 )ig per sample) was primed with 
oligo dT (Invitrogen) in 11 }il total volume by heating at 65°C for 10 min and then chilling 
briefly on ice. Elongation reactions were performed in IX First Strand Buffer, DTT, each of 
dATP, dGTP, dTTP (2mM), 200 units of MMLV-Reverse Transcriptase and 250 |iCi [a-32P] per 
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dCTP per litre (Amersham Pharmacia Biotech™) in a total volume of 25 |il with 50pi of mineral 
oil at 37°C for 1 h. Probes were purified with micro Bio-Spin 30 chromatography columns 
(Bio-Rad) and then boiled for 5 min before use. 
Hybridization and analysis 
Prehybridization was performed at 65�C for 30 min in Rapid Hy-B buffer (Amersham 
Pharmacia Biotech™) and lOOjig calf thymus DNA ml"'. Hybridizations were carried out at 
65°C for 1 h by adding probe to the prehybridization solution. Membranes were washed twice 
for 15 min each in 2X SSC and 0.1% SDS at room temperature followed by stringent washing in 
O.IX SSC and 0.1% SDS at 65®C for 30 min. Membranes were semi-dried and placed in 
Phosphorlmager cassettes (Bio-Rad) and quantified using the Quantity One 1-D Analysis 
software (Bio-Rad). 
Statistical analysis 
The data were analyzed by analysis of variance. The source of variation from significant 
was determined with the one-way ANOVA using turkey test. 
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Chapter 3 Preliminary EST Analysis of Black Seabream Pituitary cDNA 
Libraries 
3.1 Results and discussion 
3.1.1 ESTs analysis of black seabream pituitary cDNA libraries 
Insert sizes of two black seabream pituitary libraries 
The insert sizes of clones were checked by PGR to eliminate vector clones before 
performing the plasmid extraction. The percentage distribution of insert sizes of two libraries 
was shown in Fig. 3a. It is interesting that the small size library mainly contains clones with 
insert sizes below 2 kb while the insert sizes of clones in the large size library are wide range. 
Some clones with insert sizes larger than 3 kb can also be found in the large size library. This 
specific feature enables us to determine different kinds of ESTs easily. For instance, there are 
more uncharacterized clones found in the large size library and the full- length clones may be 
easily found in this size library. On the other hand, the small size library is mainly concentrated 
on the short and characterized clones which can allow us to find them in an efficient manner. 
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Distribution (%) of insert s izes in the two libraries 
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Figure 3a Distribution of insert sizes in the two libraries. Yellow colour represents the small size 
library and purple colour represents the large size library. 
Newly identified black seabream pituitary ESTs 
200 random cDNA clones were sequenced from each of two black seabream pituitary 
cDNA libraries. The titering of the small and large libraries were 2.1x lO!�clones per ml and 1.6 
X IQIi clones per ml, respectively. Procedures for gene annotation were completed by BLAST 
search. The first step is to trim out the vector sequences in the sequenced ESTs in order to 
eliminate the poor quality homology search. Then, the homology search of the sequenced ESTs 
was done by BLASTN and TBLASTX on the dbEST database (GenBank+EMBL+DDBJ+PDB 
sequences) provided by the National Center for Biotechnology Information (NCBI at 
http://www.ncbi.nlm.nih.gov) for nucleotide and amino acid similarity comparisons, respectively. 
By this homology comparison, new black seabream orthologs from other organisms were 
established. 
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Known genes and novel genes from two seabream pituitary ESTs 
Of the 400 clones sequenced, 218 clones were known genes and 125 clones were novel 
genes. 57 clones do not contain any insert. Overall, 54.5% of the sequenced clones were known 
genes and 31.3% were novel genes. Single clone was sequenced for 60 genes and multiple 
clones were sequenced for 16 genes ranging from 2-72 clones per gene (Table 3.3). These 16 
genes accounted for 156 clones of the 400 sequenced clones. 
Expression profile in the black seabream pituitary 
The sequenced ESTs were grouped into 11 categories (Table 3.1 and 3.2): (1) ribosomal 
proteins; (2) structural and contractile/motile proteins; (3) transcription factors and 
DNA-binding proteins; (4) signaling factors; (5) hormones, hormone receptors and regulatory 
proteins; (6) stress induced proteins; (7) enzymes; (8) ion channels, membrane and transporting 
proteins; (9) mitochondrial DNA; (10) novel and (11) clones without insert. The grouping of the 
ESTs was based on their major functions as they may have multiple functions. For example, a 
EST, PEX13 which was categorized in the ionic channels, membrane and transporting proteins 
group encodes an SH3-containing peroxisomal membrane protein required for the import of 
proteins into peroxisomes (Bjorkman et al., 2002). 
Expression profile of all clones and the percentage of expression profile from the black 
seabream pituitary are shown in Table 3.3 and Fig. 3b，respectively. Among the known genes, 
the largest group was the hormones, hormone receptors and regulatory proteins accounting for 
36.3% of expression in the pituitary, followed by ribosomal proteins (6.3%), enzymes (3.3%), 
transcription factors and DNA/RNA-binding proteins (3.0%), ion channels, membrane and 
transporting proteins (2.0%), structural and contractile/motile proteins (1.3%), mitochondrial 
DNA (1.3%), stress induced proteins (1.0%) and signaling factors (0.3%). The expression 
pattern seems quite different in two libraries. First, only one gene of ribosomal proteins can be 
found in the large size library whereas the number of gene of ribosomal proteins in the small 
32 
size library is the highest. There are also no structural and contractile/mobile proteins, signaling 
factors and stress induced proteins in the small size library while no mitochondrial gene is found 
in the large size library (Table 3.4 and 3.5). It indicated that the small size library mainly 
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Figure 3b Expression profiles of two black seabream cDNA pituitary libraries. Orange colour 
represents the combined expression profile. Yellow colour represents the small size library and 
purple colour represents the large size library. ESTs were categorized into 10 groups (clones 
without inserts were not included.)： (1) ribosomal proteins; (2) structural and contractile/motile 
proteins; (3) transcription factors and DNA-binding proteins; (4) signaling factors; (5) hormones, 
hormone receptors and regulatory proteins; (6) stress induced proteins; (7) enzymes; (8) ion 
channels, membrane and transporting proteins; (9) mitochondrial DNA; (10) novel. 
The commonly expressed housekeeping genes i.e. p-actin can be found in these libraries. The 
percentage of expression and the redundancy factor of hormones, hormone receptors and regulatory 
proteins is the highest. This may indicate that these proteins are most abundant in the cDNA 
libraries which in turn, indicates the expression level of these proteins are the highest in the black 
seabream pituitary. The other groups of proteins including ribosomal proteins, structural and 
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contractile/motile proteins, transcription factors and DNA/RNA-binding proteins, signaling factors, 
enzymes, ion channels, membrane and transporting proteins and mitochondrial DNA have similar 
expression level and redundancy factor. 
Hormones and hormone receptors (Fig. 3c) are the largest part in the hormones, hormone 
I 
receptors and regulatory proteins group. In these libraries, normally expressed hormones, for 
example, growth hormone, prolactin, gonadotropin, thyrotropin, and also somatolactin can be found. 
However, there is only one type of hormone receptors, the gonadotropin releasing hormone 
receptor found in the large size library (Fig. 3d). The gonadotropin alpha and beta subunits and the 
thyrotropin beta subunit can only be found in the small size library (Fig. 3e). 
In the enzyme group, we are surprising that some pituitary-specific enzyme e.g. prohormone 
convertase still have not been found. On the other hand, an autoantigen i.e. islet cell autoantigen 
512 which is an intrinsic membrane proteins of secretory granules expressed in insulin-producing 
pancreatic beta-cells and all other peptide-secreting endocrine cells and neurons containing 
neurosecretory granules (Solimemo et al., 1996) has been identified in the large size library. 
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Hormones and hormone receptors found in the two libraries combined 
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Figure 3c Distribution of hormones and hormone receptors in the two libraries combined. 
Hormones and hormones receptors found in the small size library 
/ Others \ Gonadotropin a-subunit 
/ 53.50% 1% 
Gonadotropin p-subunit 
^ " f i ^ T ^ ^ ^ ^ o w t h hormoni 5 9% 1.5/^ 
\ \ Proopiomelan^ortin & 
ThyrotrOoP^P subimit \ p r o o p i o m e l ^ c o r t i n C 
“ 0 I " X S o m a t o l a c t i n (1592bp\ J ^ o 
Somatolactin (1513bp) 18% \ 乂 
1.50% 
Figure 3d Distribution of hormones and hormone receptors in the small library. 
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Hormones and hormone receptors found in the large size library 
/ \ j - Growth hormone 1% 
/ \ / Pituitary gonadoropin 
/ ^ ^ \ /^releasing hormone receptor 
78% y 0.5% 
“ Prolactin 0.5% 
m ^ ^ i r ^ Proopiomelanocortin & 
\ ’ " " " " " ‘ p r o o p i o m e l a n o c o r t i n C 
Somatolactin (1513bp) 2% 
Figure 3e Distribution of hormones and hormone receptors in the large library. 
Newly established orthologs and novel genes from the ESTs of the black seabream pituitary 
New orthologs were established for 10 unique ESTs by BLASTN and TBLASTX searches and 
then，the literature review and database searching including PubMed, Medline and BIOSIS 
Previews (Table 3.6). These genes represent the newly identified genes in the black seabream 
pituitary that show similarities to known genes of other organisms. These genes will be very useful 
for the cDNA arrays development for functional genomic researches in the black seabream. 
On the other hand, it is very interesting that the novel gene is the second largest group in two 
libraries when comparing with the known genes. It is also the first largest group in the large size 
library. This may indicate that the large size library has the great potential to find more new genes. 
Some of these novel genes showed a significant level of similarities to known sequences of 
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unknown functions from different organisms including human beings, zebrafishes, mouses and rats. 
125 clones belong to this group accounting for 31.3% of all sequenced clones. 
The most abundantly expressed genes in the black seabream pituitary 
Hormones, hormone receptors and regulatory proteins were among the most highly expressed 
genes. Somatolactin was the most highly expressed gene in the black seabream pituitary. It was 
encountered 72 times accounting for 18% of the ESTs. Several other hormones were also expressed 
at high levels including proopiomelanocortin (9.25%), growth hormone (5%), gonadotropin 
beta-subunit (0.75%) and gonadotropin alpha-subunit (0.5%). Mitochondrial DNA was also 
expressed at high levels (1.25%). The high copy numbers of these genes existed in the seabream 



















































































































































































































































































































































































































































































































3.1.2 Full-length sequencing of different hormone genes of black 
seabream 
Sequencing of cDNA clones encoding different hormones 
From the partial sequences of EST analyzed, the approximate lengths of clones 
of different hormones were found and the full length sequencing of the suspected full 
length clones (all ORF and all 3'UTR) of these hormones were performed. Figure 4 to 
figure 8 show the nucleotide and putative amino acid sequences of these hormones 
including GH, SL, POMC, GTH-a and GTH-p. The EST clones for sequencing of 
these hormones are clone 1319 for GH, clone 1220 for SL, clone 1424 for POMC, 
clone 1448 for GTH-a and clone 1209 for GTH-p. 
Black seabream GH 
GH is secreted from the rostral pars distalis (somatotrophs) of anterior pituitary 
fish. It is a single polypeptide chain (Fimkenstein et al., 1991). Except from its 
primary role of growth and development, it also involves in the osmoregulation in 
salmonids (Sakamoto et al., 1993). It also interacts with the reproductive axis because 
its synthesis and release is also stimulated by gonadotropin releasing hormone 
(Klausen et al., 2001; Klausen et al., 2002). There are many GH polypeptides and 
cDNA have been isolated from different species of fish including chum salmon 
{Onchorhynchus detd) (Sekine et al., 1985), rainbow trout {Oncorhynchus mykiss) 
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(Agellon and Chen, 1986), coho salmon {Oncorhynchus kisutch) (Nicoll et al., 1987), 
Japanese eel {Anguilla anguilld) (Saito et al., 1988), tuna {Thunnus thynnus) (Sato et 
al., 1988), red seabream {Pagrus major) (Momota et al., 1988), tilapia 
(Rentier-Delrue et al., 1989), grass carp {Ctenopharyngodon idellus) (Ho et al., 1989), 
carp {Cyprinus carpio) (Chao et al., 1989), yellowtail (Watahiki et al., 1992)， 
Japanese flounder (Watahiki et al., 1992), and gilthead seabream (Sparus aurata) 
(Funkenstein et a l , 1991). 
The sequence analysis shows that GH cDNA of black seabream consists of a 
5'-untranslated region (UTR) of 55 bp, an open reading frame (ORF) of 615 bp 
coding for 204 amino acid (aa) residues and a stop codon and a 3,-UTR of 231 bp. 
The mature GH polypeptide contains 187 aa residues which is the same size as those 
reported for gilthead seabream (gs) GH (Funkenstein et al., 1991). The putative signal 
peptide is 17 aa residues. There are 4 cysteine (Cys) residues found in the putative aa 
sequence and the positions are exact the same as gsGH. The polyadenylation signal 
AATAAA is 19 nt upstream from the polyadenylation site (at nt 877-882). There is 
one Asn-X-Thr (N-X-T) motif in black seabream GH amino acid sequence (N-C-T) at 
aa 201-203 which is a potential site for N-linked glycosylation (Martinez-barbera et 
al., 1994). 
From figure 3g, the amino acids sequence alignments showed that black 
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seabream GH has the highest similarity with gilthead seabream GH which the 
percentage similarity is 95%. 
ctcagatcagatctagtcaccagaacttgaaccagaaccagaacctgaaccagac ATG GAC AGA 64 
M D R 3 
GTG GTG CTC ATG CTG TCG GTG CTG TCT CTG GGC GTC TCC TCT CAG CCG ATC 115 
V V L M L S V L S L G V S S Q P I 20 
ACA GAC GGC CAG CGT CTG TTC TCC ATC GCT GTC AGC AGA GTT CAA CAC CTC 166 
T D G Q R L F S I A V S R V Q H L 37 
CAC CTG CTC GCT CAG AGA CTC TTC TCT GAC TTT GAG AGC TCT CTG CAG ACT 217 
H L L A Q R L F S D F E S S L Q T 54 
GAG GAG CAA CGA CAG CTC AAC AAA ATC TTC CTG CAG GAT TTC TGT AAC TCT 268 
E E Q R Q L N K I F L Q D F C N S 71 
GAT TAG ATC ATC AGC CCC ATC GAC AAG CAC GAG ACA CAG CGC AGC TCA GTG 319 
D Y I I S P I D K H E T Q R S S V 88 
TTG AAG CTG CTG TCT ATC TCC TAT CGA TTG GTC GAG TCT TGG GAG TTC CCC 370 
L K L L S I S Y R L V E S W E F P 105 
AGT CGT TCT CTG GCT GGC GGT TCT GCT CCA AGG AGC CAG ATT TCA CCC AAA 421 
S R S L A G G S A P R S Q I S P K 122 
CTG TCT GAG CTG AAG ACA GGC ATC CAT CTC CTG ATC AGG GCC AAT GAG GAT 472 
L S E L K T G I H L L I R A N E D 139 
GGA GCA GAG CTC TTC CCT GAT AGC TCC GCC CTC CAG CTG GCT CCT TAT GGA 523 
G A E L F P D S S A L Q L A P Y G 156 
GAC TAG TAG CAA AGT CCG GGC ACC GAC GAG TCG CTG AGA CGA ACC TAG GAA 574 
D Y Y Q S P G T D E S L R R T Y E 173 
CTA CTT GCC TGT TTC AAA AAA GAC ATG CAC AAG GTG GAG ACC TAG CTG ACA 625 
L L A C F K K D M H K V E T Y L T 190 
GTG GCA AAA TGT AGA CTC TCT CCA GAG GCC AAC TGC ACC CTG TAG ccccgcc 677 





Figure 3f Nucleotide and deduced amino acid sequence of a cDNA encoding black 
seabream growth hormone. The putative polyadenylation signal and poly(A) tail in 
black seabream cDNA are shown in bold. The putative signal peptide is shown in 
purple and 4 Cys residues are shown in pink. GenBank accession number: AY714371. 
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10 20 30 40 50 
Black seabream 1 MDRWLMLSV L--SLGVSSQ PITDGQRLFS lAVSRVQHLH LLAQRLFSDF 50 
Gilthead seabream 1 MDRWLMLSV M--SLGVSSQ PITDGQRLFS lAVSRVQHLH LLAQRLFSDF 50 
Tilapia 1 MNSWLQLSV V--CLGVSSQ QITDSQRLFS lAVNRVTHLY LLAQRLFSDF 50 
Halibut 1 M CVGVSSQ PITENQRLFS lAVGRVQYLH LVAKKLFSEF 50 
Goldfish 1 1 MARALVLLSV VLVSLLVNQG RASDNQRLFN NAVIRVQHLH QLAAKMINDF 50 
Goldfish 2 1 MARALVLLSV VLVSLLVNQG RASDNQRLFN NAVIRVQHLH QLAAKMINDF 50 
Eel 1 MASGFLLWPV LLVSFSVNAV EPISLYNLFT SAVNRAQHLH TLAAEIYKEF 50 
60 70 80 90 100 
Black seabream 51 ESSLQTEEQR QLNKIFLQDF CNSDYIISPI DKHETQRSSV LKLLSISYRL 100 
Gilthead seabream 51 ESSLQTEEQP QLNKIFLQDF CNCDYI工SPI DKHETQRSSV LKLLSISYRL 100 
Tilapia 51 ESSLQTEEQR QLNKIFLQDF CNSDYIISPI DKHETQRSSV LKLLSISYGL 100 
Halibut 51 ENS-QLEDQH PLNKIFLQDF CHSDYFLSPI DKHETQRSSV LKLI^SISYRL 100 
Goldfish 1 51 EDSLLPEERR QLSKIFPLSF CNSDYIEAPT GKDETQKSSM LKLLRISFRL 100 
Goldfish 2 51 EDSLLPEERR QLSKIFPLSF CNSDYIEAPT GKDETQKSSM LKLLRVSFRL 100 
Eel 51 ERSIPPEAHR QLSKTSPLAG CYSDSIPTPT GKDETQEKSD GYLLRISSAL 100 
110 120 130 140 150 
Black seabream 101 VESVfEFPSRS LAGGSA --PRSQISPK LSELKTGIHL LIRANEDGAE 150 
Gilthead seabream 101 VESWEFPSRS LSGGSA --PRNQISPK LSELKTGIHL LIRANEDGAE 150 
Tilapia 101 VESWEFPSRS LSGGSS --LRNQISPR LSELKTGILL LIRANQDEAE 150 
Halibut 101 lESWEFSSRF LVAGFA --ERAQVTSK LSELKTGLMK LIEANQDGAG 150 
Goldfish 1 101 lESWEYPSQT LSGTVSNSLT AGNPNQITEK LADLKMGINV LIKGSLDGQP 150 
Goldfish 2 101 lESWEFPSQT LSGTVSNSLT VGNPNQITEK LADLKMGISV LIQACLDGQP 150 
Eel 101 IQSWVYPLKT LSDAFSNSLM FGTSDGIFDK LEDLNKGINE LMKWGDGGI 150 
160 170 180 190 200 
Black seabream 151 LFPDSSALQL APYGDYYQSP GTDESLRRTY ELLACFKKDM HKVETYLTVA 200 
Gilthead seabream 151 IFPDRSALQL APYGNYYQSL GTDESLRRTY ELLACFKKDM HKVETYLTVA 200 
Tilapia 151 NYPDTDTLQH APYGNYYQSL GGNESLRQTY ELLACFKKDM HKVETYLTVA 200 
Halibut 151 GFSESSVIQL TPYGNYYQSV GVDESFRRNY ELFACFKKDM HKVETYLTVA 200 
Goldfish 1 151 NIDDNDSLPL -PFEDFYLTM -GENNLRESF RLLACFKKDM HKVETYLRVA 200 
Goldfish 2 151 NMDDNDSLPL -PFEEFYLTM -GDNSLRESF RLLACFKKDM HKVETYLRVA 200 
Eel 151 YIEDVRNLR- —YENFDVHL RNDAGLMKNY GLLACFKKDM HKVETYLKVT 200 
210 220 230 240 250 
Black seabream 201 KCRLSPEANC TL* 250 
Gilthead seabream 201 KCRLSPEANC TL* 250 
Tilapia 201 KCRLSPEANC TL* 250 
Halibut 201 KCRLSPEANC TL* 250 
Goldfish 1 201 NCRRSLDSNC TL* 250 
Goldfish 2 201 NCRRSLDSNC TL* 250 
Eel 201 KCRRFVESNC TL* 250 
Figure 3g Amino acid sequence alignments of different fish GH including black 
seabream, gilthead seabream, tilapia, halibut, goldfish and eel. Orange colour 
indicates the same amino acid residue among different fish species. Green colour 
indicates the consensus Cys residues among different fish species. 
Black seabream SL 
SL which a new member of the GH and PRL family is produced in the pars 
intermedia of teleost fishes. It is firstly isolated from the Atlantic cod {Gadus morhua) 
(Rand-Weaver et al., 1991) and later from Japanese flounder {Paralichthys olivacens) 
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(Ono et al., 1990), coho salmon {Oncorhynchus kisutch) (Planas et al., 1992; 
Rand-Weaver et al., 1992), chum salmon {Onchorhynchus deta) (Kakizawa et al., 
1995), red drum {Sciaenops ocellatus) (Zhu and Thomas, 1995), gilthead seabream 
{Sparus aurata) (Cavari et al., 1995), halibut {Hippoglossus hippoglossus) (Iraqi et al., 
1993), eel {Anguilla anguilla) (May et al., 1997) and sea perch {Lateolabrax 
japonicus) (Xu et al., 2001). 
Several possible functions of SL have been proposed suggesting in reproduction 
(Planas et al., 1992; Rand-Weaver et al., 1992; Olivereau and Rand-Weaver, 1994), 
immune function (Calduch-Giner et al., 1998), acid-base balance (Kakizawa et al., 
1996), background adaptation (the skin colour of fish will change according to the 
lightness of environment) (Zhu and Thomas, 1996, 1998), smoltification (a suite of 
physiological, morphological, biochemical and behavioral changes, including of 
silvery color development of adults, tolerance for seawater and preparation to migrate 
downstream and enter the sea) (Rand-Weaver et al., 1993, 1995), and phosphate (Lu 
et al., 1995), sodium (Zhu and Thomas, 1995), calcium metabolism (Kakizawa et al., 
1993), response to stress (Rand-Weaver et al., 1993; Johnson et al., 1997) and fat 
metabolism (Lu et al., 1995; Company et al., 2000). However, the exact function is 
still not clear. 
51 
Clones coding for SL were isolated and sequenced from a black seabream 
pituitary cDNA library. The nucleotide sequence of the larger cDNA isolated is 1610 
bp containing a 900-bp 3'-untranslated region and one potential polyadenylation 
signals (AATAAA) at nt 1574-1579. The mature polypeptide is composed of 207 
amino acids, and a signal peptide of 21 residues is also found in the SL precursor. A 
potential N-glycosylation site Asn-Lys-Thr (N-K-T) at nt 431-439 was identified in 
black seabream SL. Seven Cys residues are present in the SL peptide which they 
correspond to the disulphide bonding. 
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cgacctg ATG AGA GCC ATA AAG CAG GGT CAG TGG GCT GTA CTG CTC TGG CCC 52 
M R A I K Q G Q W A V I i L W P 15 
TAT CTG CTT ATC ACG AGC ATC CCA CTG GAC TGC AGG GAC GAG CAG GGC GGT 103 
Y L L I T S I P L D C R D E Q G G 32 
CTC TCC CGC TGC CCC TCT ATC TCC CAG GAG AAA CTC CTA GAC CGA GTC ATC 154 
L S R C P S I S Q E K L L D R V 工 49 
CAG CAT GCT GAG CTC ATC TAG CGC GTC TCT GAA GAA TCG TGC TCT TTG TTT 205 
Q H A E L I Y R V S E E S C S L F 66 
GAG GAG ATG TTC ATC CCA TTC CCA CTG CAG CTT CAG AGG AAC CAA GCT GGC 256 
E E M F I P F P L Q L Q R N Q A G 83 
TAT CCC TGC ATC ACC AAA GCC TTA CCC ATC CCC AGC TCC AAA AGT GAA ATC 307 
Y P C I T K A L P I P S S K S E I 100 
CAA CAG ATA TCT GAC AAA TGG CTG CTC CAT TCT GTG CTG ATG TTG GTC CAG 358 
Q Q I S D K W L L H S V L M L V Q 117 
TCT TGG ATC GAG CCT TTG GTC TAG CTG CAG ACC ACA ATG AAC CGC TAG GAT 409 
S W I E P L V Y L Q T T M N R Y D 134 
GGA GTT CCT GAC ATG CTG CTC AAC AAG ACC AAG TGG GTT TCT GAG AAA CTG 460 
G V P D M L L N K T K W V S E K L 151 
ATG AGT CTG GAG CAA GGT GTG GTG GTC CTC ATC AAG AAG ATG CTG GAC GAG 511 
M S L E Q G V V V L I K K M L D E 168 
GGA ATG ATG ACC ACA ACG TAG AAC GAA CAA GGC CTT TTC CAA GAC GAC GGG 5 62 
G M M T T T Y N E Q G L F Q D D G 185 
CAG CCC GAG ATG CTG GAA TAG GTT ATG AGA GAC TAT ACC CTG CTC AGC TGC 613 
Q P E M L E Y V M R D Y T L L S C 202 
TTC AAG AAA GAT GCC CAC AAG ATG GAG ATT TTG CTC AAG CTT CTC AAG TGT 664 
F K K D A H K M E I L L K L L K C 219 
CGA CAG AAT GAC ATA CAC AGC TGC GCA TAA agccttgagttccgcttttgaatacgt 721 R Q N D I H S C A *** 228 
gttgtttagctttgaattaattcctggtgttggtagctgtccacttatagatatgaccatgcctcag 7 8 8 
gcgattcagcctcgctcgcaaagcagtacattctttattgattgttttggagcaccttcacacaaaa 855 
ataagtaggtgtaatgctgtgccctctcttcaacctactgcattttatatttccctgcatagttgtt 922 









gtagtatggaaatttttcggtcatcaatcacggatgattttagccgctaataaagcatgttgtagaa 15 92 
a g a a a a a a a a a a a a a a a a 161C 
Figure 3h Nucleotide and deduced amino acid sequence of a cDNA encoding black 
seabream somatolactin. The putative signal peptide shows in purple colour. The 
putative polyadenylation signal and poly(A) tail in black seabream cDNA are bold. 
The putative N-glycosylation site is in blue colour. Seven Cys residues are shown in 
pink colour. GenBank accession number: AY714370. 
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10 20 30 40 50 
Black seabream 1 MR AIKQG Q-mVLLWPY LLITSIPLDC RDEQGGLSRC PSISQEKLLD 50 
Gilthead seabream 1 1 MRMIRAIKQG Q-WAVLLWPY LLTASIPLDC RDEQGVLSHC PSISQEKLLD 50 
Gilthead seabream 2 1 MRMMRAIKQG Q-WAILLWPY LLTTSIPLDC RDEQGGLSRC PSISQEKLLD 50 
Halibut 1 MNMM-TVKQG V-TWAALLWEY LLAASIPLDC KDEQGSFSAC PSISQEKLLD 50 
Eel 1 MFSIRMNKVl QGFVCLMLTH RIVG-YPMDC KEDQDG-TRC PSISLDKLLD 50 
Goldfish 1 MKKTTVLQVC MVFWCSLQA VIGS--PVDC PDQDTAGVSC -IISLEKLLE 50 
60 70 80 90 100 
Black seabream 51 RVIQHAELIY RVSEESCSLF EEMFIPFPLQ LQRNQAGYPC 工TKALPIPSS 100 
Gilthead seabream 1 51 RVIQHAELIY RVSEESCSLF EEMFIPFPLQ LQRNQAGYPC ITKALPIPSS 100 
Gilthead seabream 2 51 RVIQHAELIY RVSEESCSLF EEMFIPFPLQ LQRNQAGYPC ITKALPIPSS 100 
Halibut 51 RVIQHAELIY RVSEESCSMF EEMFVPFPLR LQRNQAGYAC ITKALPIPSS 100 
Eel 51 RIIQHAELIY RVSEESCTLF EEMYIPSSIR AQLSRGGNAC STRSVPI—— 100 
Goldfish 51 RAVQHAELIH HIAEESKLLF DEMLISFGW NLHISEGTMC SPKTVSVPMS 100 
110 120 130 140 150 
Black seabream 101 KSEIQQISDK WLLHSVLMLV QSWIEPLVYL QTTMNRYDGV PDMLLNKTKW 150 
Gilthead seabream 1 101 KSEIQQISDK WLLHSVLMLV QSWIEPLVYL QTTLNRYDGV PDMLLNKTKW 150 
Gilthead seabream 2 101 KSEIQQISDK WLLHSVLMLV QSWIEPLVYL QTTLNRYDGV PDMLLNKTKW 150 
Halibut 101 KSEIQQISDT WLLHSVLLLV QSWIDPLVYL QTTLDRYDNA SEMLLNKTKW 150 
Eel 101 QGRIQQISDK WLLHSTLW工 QSWTGPLQSL QITMDLYDNA PDGLLNKTKW 150 
Goldfish 101 KTEIQQISDK WLLHSVLILV QFWINPLVDV QASLMNYQNA PSALVDRSKL 150 
160 170 180 190 200 
Black seabream 151 VSEKLMSLEQ GVWLIKKML DEGMMTTTYN EQGLFQDDGQ PEMLEYVMRD 200 
Gilthead seabream 151 VSEKLMSLEQ GVWLIKKML DEEMMTTTYS EQGLFQDDGQ PEMLEYVMRD 200 
Gilthead seabream 2 151 VSDKLMSLEQ GVAVXIKKML DEGLMTTTYS EQGLFQDDGQ PEMLEYVMRD 200 
Halibut 151 VSDKLISLEQ GVWLIRKML DEGMLTATYN EQGLFQYDVL PDMLESVMRD 200 
Eel 151 MSTKLMNLEQ GVTVLIRKML NEDILVSD-P SQNLTHFATQ PNMVESVLTD 200 
Goldfish 151 MSTKITSLEQ GILVLIRQIL GEGGLWEGP EDTSDHF-VS SDTFETVRRD 200 
210 220 230 240 250 
Black seabream 201 YTLLSCFKKD AHKMEILLKL LKCRQNDIHS C--A* 250 
Gilthead seabream 201 YTLLSCFKKD AHKMEILLKL LKCRQNDMHS C--R* 250 
Gilthead seabream 2 201 YTLLSCFKKD AHKMEILLKL LKCRQNDIHS C--A* 250 
Halibut 201 YTLLSCFKKD AHKMEIFLKL LKCRQTDKYN C--P* 250 
Eel 201 YTLLTCFRKD AHRVETFLKL LKCRQSDRLS CFLY* 250 
Goldfish 201 YSVIYCFRKD AHKIQTLLKL LKCRQIDKEN CSLF* 250 
Figure 3i Amino acid sequence alignments of different fish SL including black 
seabream, gilthead seabream, halibut, goldfish and eel. Orange colour indicates the 
same amino acid residue among different fish species. Green colour indicates the 
consensus Cys residues among different fish species. 
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Black seabream GTH-a and GTH-P 
POMC gene is mainly expressed in the pituitary gland and hypothalamus. It 
is also found in other brain regions and peripheral tissues. In pituitary, POMC is 
produced in the corticotrope cells of the PD and the melanotrope cells of the PL 
POMC mRNA, which is translated into a single protein product, is the precursor of 
ACTH, END, MSH and LPH (Smith & Funder 1988). A successive cell-specific 
processing steps and post-translational modifications by prohormone convertases 
(Shen et al., 2003)，endo- and exopeptidase cleavage, amidation and acetylation at 
dibasic residues of POMC generate each functional peptide (Varsamos et al., 2003). 
ACTH and p-LPH are major products in the PD, whereas in the PI, these peptides are 
further cleaved to produce a-MSH, p-MSH, and p-END (Takahashi et al., 2003). In 
almost all cases, the N-terminal Met-enkephalin included as part of the P-END 
sequence (Gonzalez-Nunez et al” 2003). 
Upon stimulation of the hypothalamic-pituitary-interrenal system by stressors, 
the POMC-derived peptide, ACTH, from the pituitary gland is released to induce 
Cortisol release from the c o r t i c o s t e r o i d - p r o d u c i n g cells o f the head k i d n e y o f f i s h 
(Arends et al., 1998). MSHs, which act at melanocortin receptors, are essential for 
stress adaptation and survival. POMC also serves as a precursor for P-END that acts 
at opioid receptors (Hansen et al., 2003). Several POMC mRNA have been isolated 
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from fishes including zebrafish {Danio rerio) (Hansen et al., 2003 and 
Gonzalez-Nunez et al., 2003), sea bass {Dicentrarchus labrax) (Varsamos et al., 2003)， 
ray-finned fish (Bagrosky et al., 2003) and ratfish (Takahashi et al., 2004). 
The nucleotide sequence of the POMC is 933 bp in length containing a 76-bp 
5'-untranslated region, and a 672 bp ORF coding for 223 aa residues and a stop codon 
and a 699-bp 3'-untranslated region. The peptide contains a 20 aa signal peptide, 
N-terminal a-MSH, the corticotropin-like intermediary peptide (CLIP), ACTH, 
P-MSH, P- and y-LPH, P-END sequences as well as a stop codon. The open reading 
frame contained the following sequences flanked by sets of proteolytic cleavage sites 
indicating potential post-translational processing: ACTH (Sergv-Hene), a-MSH 
(Sergv-Glyioo), CLIP (Proio5-Ilei26), p-LPH (Glui3o-Gln222), y-LPH (Gluno-SengQ), 




gcggaga ATG TGT CCT GCG TGG CTA TTG GTG GCT GTG GTG GTT GTG GGC GTG 121 
M C P A W L L V A V V V V G V 15 
^ ~ Signal peptide  
GCC AAA GGA GCT GCC AGT CAG TGC TGG GAG CAT CCG AGC TGT CAG GAG CTC 172 
A K G A A 义 Q C W E H P S C Q E L 32 
‘ '''' -
AAC TCT GAG AGC AGC ATG ATG GAG TGC ATC CAG CTT TGT CAC TCC GAC CTC 22 3 
N S E S S M M E C I Q L C H S D L 49 
— .. . . . . . . r...... ... .x 
ACC GCG GAG ACG CCC GTC ATC CCA GGC AGC GCC CAC CTC CAG CCT CCG CCT 274 
T A E T P V I P G S A H L Q P P P 66 — — — — —     
CCG TCA GAC CCC TCC TCC TTC ACC CTC CCT TCC TCG TCC TCC TCC CCT CAG 325 
P S D P S S F T L P S S S S S P Q 83 
GCC AAG CGC TCC TAC TCC ATG GAA CAC TTC CGC TGG GGG AAG CCA GTC GGC 376 
A K R S Y S M E H F R W G K P V G 100 
+ \ a-MSH > 
CGA AAA CGC CGC CCG GTC AAA GTC TAC ACC TCC AAC GGC GTG GAG GAG GAG 427 
R K R R ^ V K V Y T S N G V E E E 117 
acth ^ ^  
TCA GCC GAG GTC TTC CCC GGA GAG ATC CGG AGG CGT GAG CTC GCC AGT GAG 478 
S A E V F P G E I R R R E L A S E 134 
t -
CTG CTG GCA GCA GCA GCT GCA GCG CAG GAG GAG GAG GAG AAG GCG GCG CAG 529 
_ L _ _A _ _ _A _ _ A E E E E L … 丄 — 1 5 1 
GAG GTG ATG CAG GAG GCG GAG GAG GAG CAG CAG CAG CTC CTG GGA GAC GTC 580 
E V M Q E A E E E Q Q Q L L G D V 168 b,lph  
CAG GAG AAG AAA GAT GGT TTG TAC AAG ATG AAG CAT TTC CGC TGG AGC GGC 631 
Q E K K D G L Y K M K H F R W S G 185 
CCG CCG GCC AGC AAA CGC TAC GGC GGC TTC ATG AAG AGC TGG GAC GAG CGC 682 
P P A S K R Y G_ _ G K _S R 202 
AGC CAG AGA CCG CTG CTC ACG CTG TTC AAG AAC GTC ATC AAC AAA GAC GGA 733 
S Q R P L L T L F K N_…―V I N _G 219 
— (^ -endorphin — -
CAG CAG CAG AAG TGA gaggaggatggagaggcaggagacgctcgcagcctgttagcagacca 795 
Q Q K *** 223 
ataaaaagctttgaaatcatgattctgagtgactgagagagacgacgagagagtgttttgatattta 862 
ttgatttatgtaaataactgtaaatgatatgaaagcataaagagttatttgcaagcaaaaaaaaaaa 92 9 
a a a a 933 
Figure 3j Nucleotide and deduced amino acid sequence of a cDNA encoding black 
seabream proopiomelanocortin. The poly(A) tail in black seabream cDNA is bold. The 
POMC-derived peptides are shown: ACTH (Ser87-Ilel26), a-MSH (Ser87-Glyl00), 
CLIP (Prol05-Ilel26), p-LPH (Glul30-Gln222), y-LPH (Glul30-Serl89), p-MSH 
(Aspl73-Serl89) and P-endorphin (Tyrl62-Gln222). Potential proteolytic cleavage 
sites are shown in bold. GenBank accession number: AY714372. 
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10 20 30 40 50 
Black seabream 1 M CP A W L L V A W W GVAKGAASQC WEHPSCQELN SESSMMECIQ 50 
Yellowfin seabream 1 M CP V W L L V A W W GVAKGAASQC WEHPSCQELN SESSVMECIQ 50 
Tilapia 1 M CP VWLFVALVW GGAREAVSQC WEHPSCQELS SESNMMECIQ 50 
Eel 1 M LCP AWMLALAVLC AFCSEVSGQC WAHSHCKDLS SEENMLECIR 50 
Goldfish 1 MVRGVRMLCP AWLLALAVLC AGGSEVRAQC WEDARCRDLT TDENILDCIQ 50 
60 70 80 90 100 
Black seabream 51 LCHSDLTAET PVIPGSAHLQ PPPPSDPSSF TLP SSS 100 
Yellowfin seabream 51 LCHSDLTAET PVIPGNAHLQ PPPPSDPSSF TLP SSS 100 
Tilapia 51 LCHSDLTAET PVIPGNAHLQ PAVPSDASS- 100 
Eel 51 LCKSELTAGR R——ASSTME TEGEEGMLGF LLPMVSSMQE GPEVDEQGRE 100 
Goldfish 51 LCRSDLTDET PVYLGESHFQ PPSELEQTEV LPPLSPAALA LAEQMDPGSS 100 
110 120 130 140 150 
Black seabream 101 SSPQAKRSYS MEHFRWGKPV GRKRRPVKVY TSNGVEEESA EVFPGEIRRR 150 
Yellowfin seabream 101 SSPQAKRSYS MEHFRWGKPV GRKRRPVKVY TSNGVEEESA EVFPGEIRRR 150 
Tilapia 101 PSSQAKRSYS MEHFRWGKPV GRKRRPVKVY TSNGVAEESA EVFPEEMRRR 150 
Eel 101 PRHEDKRSYS MEHFRWGKPV GRKRRPIKVF PS-GMEEESS EAYPAEMRR- 150 
Goldfish 101 PRHELKRSYS MEHFRWGKPV GRKRRPIKVY TN-GVEEESA ETLPAEMRR- 150 
160 170 180 190 200 
Black seabream 151 ELASELLAAA AAAQEEEEKA A QEVMQEAEEE QQQLLGDVQE 200 
Yellowfin seabream 151 ELASELLAAA AVAQEEEEKA VRKVMQEEKA. QEVMEEAEEE QQQLLGDVQE 200 
Tilapia 151 ELTNELLAE- EGEKA QEMVEGAEEE QQ-LLNGVQE 200 
Eel 151 ELLADW DYAPEEE GVAEE HPQL--TLQT 200 
Goldfish 151 EL —ATNEV DYPQE EGAL—NQQD 200 
210 220 230 240 250 
Black seabream 201 KKDGLYKMKH FRWSGPPASK RYGGFMKSWD ERSQRPLLTL FKNVINKDGQ 250 
Yellowfin seabream 201 KKDGLYKMKH FRWSGPPASK RYGGFMKSWD ERSQKPLLTL FKNVINKDGQ 250 
Tilapia 201 KKDGSYKMKH FRWSGPPASK RYGGFMKSWD ERSQKPLLTL FKWVINKEGQ 250 
Eel 201 KKDSTYKMKH FRWNGPPASK RYGGFMKPWG ERSQKPLLTL FKNVIIKDGQ 250 
Goldfish 201 KKDGSYKMNH FRWSGPPASK RYGGFMKSWD ERSQKPLLTL FKMVINKE-H 250 
260 270 280 290 300 
Black seabream 251 QQK* — 300 
Yellowfin seabream 251 QQK*-- 300 
Tilapia 251 QQK*— 300 
Eel 251 QKKAQ* 300 
Goldfish 251 QKKDQ* 300 
Figure 3k Amino acid sequence alignments of different fish POMC including black 
seabream, yellowfin seabream, tilapia, goldfish and eel. Orange colour indicates the 
same amino acid residue among different fish species. Green colour indicates the 
consensus Cys residues among different fish species. 
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Black seabream GTH-a and GTH-P 
GTH, which include the pituitary gonadotropins LH and FSH, belongs to the 
family of glycoprotein hormones and are the key hormones in the control of 
reproduction in vertebrates. They consist of a- and p-subunits, which are coded by 
separate genes (Godine et al., 1982; Jameson et al., 1983; Maurer, 1987). The 
a-subimit is common to GTH within a species. On the other hand, the P-subunits are 
different with different biological specificity (Pierce and Parsons, 1981). The a- and 
P-subunits are associated in cytoplasm and are held by non-covalent bonding to form 
biologically active dimmer molecules (Gharid et al., 1990). The production and 
release of GTH is regulated primarily by GnRH in all vertebrates (Millar et al., 1997; 
Sealfon et al., 1997; Fink, 1988; Peter and Yu, 1997). 
In teleosts, FSH and LH are represented by GTH-I and GTH-II, respectively (Li 
and Ford, 1998). FSH controls the puberty and gametogenesis while LH regulates 
final gonadal maturation and spawning (Schulz et al., 2001). 
Several nucleotide sequences of gonadotropin subunits of different fishes have 
been reported including the common alpha, the FSH-beta, and the LH-beta subunit 
cDNAs of European sea bass {Dicentrarchus labrax), GTH-II beta subunit of 
Japanese eel {Anguilla japonica), the cDNAs encoding GTH-I beta and -II beta of 
Japanese flounder {Paralichthys olivaceus), GTH alpha, GTH-I beta, and -II beta of 
59 
red seabream {Pagrus major) (Gen et al., 2000), GTH-I beta and -II beta of goldfish 
gonadotropin (Yoshiura et al., 1997), full-length cDNA sequences encoding the 
beta-subunits of the gonadotrophins GTH-I and GTH-II from gilthead seabream 
[Spams aurata) (Elizur et al” 1996), two types of cDNA encoding a different 
beta-subunit of striped bass (Morone saxatilis, Teleostei) gonadotrophins (GTH-I beta 
and GTH-II beta), as well as the glycoprotein alpha-subunit (Hassin et al., 1996)， 
cDNA coding for the chinook salmon gonadotropin alpha (sGTH alpha) subunit 
(Suzuki et al., 1995)，two types of cDNA (GTH-I beta and -II beta) encoding the beta 
subunit of masu salmon {Oncorhynchus masou) gonadotrophin (Kato et al., 1993)， 
two types of cDNA (GTH alpha 1 and -alpha 2) encoding the alpha subunits of masu 
salmon {Oncorhynchus masou) gonadotrophin were cloned (Gen et al., 1993), beta 
subunit of carp gonadotropin (cGTH-beta) (Chang et al., 1992 and 1988), two genes 
encoding cGTH alpha of carp (Huang et al., 1992), beta subunit of the type-II 
gonadotrophin from the European eel (Querat et al., 1990), and cDNAs encoding 
alpha and beta subunits of salmon gonadotropins, sGTH-I and sGTH-II (Sekine et al., 
1989). 
From the nucleotide sequence analysis of GTH, the cDNA encoding the alpha 
subunit is 631 bp containing 17 bp of 5'-UTR and 243 bp of 3,-UTR and 351 bp 
encoding the peptide of GTH-a with mature peptide of 84 aa and putative signal 
60 
peptide of 23 aa. Putative N-linked glycosylation sites are at Asn residues 78 and 103. 
Ten highly conserved Cys residues are localized at positions 
34-37-54-57-58-85-86-107-109-112. A putative polyadenylation signal ATTAAA is 
recognized 12 bp upstream from the poly(A) tail. 
Upon the nucleotide sequence alignment, GTH-p of black seabream is highly 
similar to GTH-p of yellowfm seabream {Acanthophagrus latus). However, when 
compared to the GTH I-p and II-p of other fish species, the similarity is very low. 
Thus, it cannot deduce that this GTH-p of black seabream is neither FSH nor LH. The 
nucleotide sequence of this cDNA clone contains 562 bp which consists of a 39 bp of 
5'-UTR, a 85 bp of 3,-UTR and an ORF of 414 bp coding for 137 aa residues and a 
stop codon. A putative polyadenylation signal AATAAA is recognized 13 bp upstream 
from the poly(A) tail. 
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ta 2 
actgctgagatcacg ATG GGC TCA GTG AAA TCC GCT GGA CTG TCT CTT CTT CTG 56 
M G S V K S A G L S L L L 13 
CTG TCT TTT CTC CTT TAC GTA GCA GAT TCT TAC CCC AAC ACT GAC TTA TCG 107 
L S F L L Y V A D S Y P N T D L S 30 
AAC ATG GGC TGT GAG GCG TGC ACG CTG CGA AAG AAC ACT GTT TTC TCC AGG 158 
N M G C E A C T L R K N T V F S R 47 
GAT CGT CCG ATT TAC CAG TGC ATG GGC TGC TGC TTC TCC AGA GCG TAC CCA 209 
D R P I Y Q C M G C C F S R A Y P 64 
ACG CCT CTC AAG GCC ATG AAG ACG ATG ACG ATC CCG AAG AAC ATC ACC TCT 260 
T P L K A M K T M T I P K N I T S 81 
GAG GCT ACA TGC TGC GTT GCA AAG CAC GTC TAT GAG ACA GAG GTG GCC GGC 311 
E A T C C V A K H V Y E T E V A G 98 
ATA AGG GTG AGG AAC CAC ACA GAC TGC CAC TGC AGC ACC TGC TAC TAT CAT 362 
工 R V R N H T D C H C S T C Y Y H 115 
AAG ATA TGA cagatgggaaccggagacaattctgtagcactcggcttggcaacagaacgtgttt 426 




a a a a 631 
Figure 31 Nucleotide and deduced amino acid sequence of a cDNA encoding black 
seabream gonadotropin-alpha subunit. The putative polyadenylation signal 
(ATTAAA) and poly(A) tail in black seabream cDNA are bold The putative signal 
peptide contains 23 aa residues is shown in blue colour. Ten Cys residues and the 
putative N-linked glycosylation sites are shown in pink and purple colour, 
respectively. 
atcacagagaggatgacggctgtgcaggtcatcagagtg ATG TTA CCC TTC ATG TTG AGT 60 
M L P F M L S 7 
TCC TTC CTG GGA GCC TCA CCT TCC ATT TGG CCC CTG GCT CCT GCA GAG GCC 111 
S F L G A S P S I W P L A P A E A 24 
TTC CAG CTG CCG CCC TGC CAG CTC ATC AAC CAG ACG GTG TCT CTT GAA AAG 162 
F Q L P P C Q L I N Q T V S L E K 41 
GAA GGA TGT CCC AAG TGT CAC CCA GTG GAA ACG ACC ATC TGC AGT GGT CAC 213 
E G C P K C H P V E T T I C S G H 58 
TGC ATC ACC AAG GAC CCA GTG ATG AAG ACC CGG TAT GTT TAT CAG CAT GTG 264 
C I T K D P V M K T R Y V Y Q H V 75 
TGC ACG TAC CGG GAC TTG CAC TAC AAG ACA TTT GAG CTT CCT GAC TGT CCG 315 
C T Y R D L H Y K T F E L P D C P 92 
CCC GGT GTG GAC CCG ACC GTC ACT TAC CCC GTG GCC GTG AGC TGC AAC TGC 366 
P G V D P T V T Y P V A V S C N C 109 
GGC CTC TGT GCT ATG GAC ACG TCT GAC TGC ACC TTT GAG AGC CTG CAG CCC 417 
G L C A M D T S D C T F E S L Q P 126 
AAT TTC TGC ATG AAT GAC ATA CCT TTC TAC TAC TAG tctcaagtaatgacagcat 472 
N F C M N D I P F Y Y *** 137 
aaaacccattaaagtacactgtagaaactgtgcatctattgttgtcaataaagatttgtgcaaagaa 539 
a a a a a a a a a a a a a a a a a a a a a a a 562 
Figure 3m Nucleotide and deduced amino acid sequence of a cDNA encoding black 
seabream gonadotropin-beta subunit. The putative polyadenylation signal and poly(A) 
tail in black seabream cDNA are shown in bold. The similarity of cDNA of black 
seabream GTH-P to that of yellowfm seabream GTH-P is 99.2%. 
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10 20 30 40 50 
Black seabream 1 MGSVKSAGLS LLLLSFLLYV ADSYPNTDLS NMGCEACTLR KNTVFSRDRP 50 
Yellowfin seabream 1 MGSVKSAGLS LLLLSFLLYV ADSYPNTDLS NMGCEACTLR KNTVFSRDRP 50 
60 70 80 90 100 
Black seabream 51 lYQCMGCCFS RAYPTPLKAM KTMTIPKNIT SEATCCVAKH VYETEVAGIR 100 
Yellowfin seabream 51 lYQCMGCCFS RAYPTPLKAM KTMTIPKNIT SEATCCVAKH VYETEVAGIR 100 
110 120 130 140 150 
Black seabream 101 VRNHTDCHCS TCYYHKI* 150 
Yellowfin seabream 101 VRNHTDCHCS TCYYHKI* 150 
Figure 3n Amino acid sequence alignments of different fish GTH-a including black 
seabream and yellowfin seabream. Orange colour indicates the same amino acid residue 
among different fish species. Green colour indicates the consensus Cys residues among 
different fish species. 
10 20 30 40 50 
Black seabream 1 M-TAVQVIRV MLPFMLSSFL GASPSIWPLA PAEAFQLPPC QLINQTVSLE 50 
Tilapia 1 M LLALMLSLFV GASTFI--LS PAAAFQLPPC QLINQTVSLE 50 
Goldfish 2 1 MGTPVKILW LFSVIVLLAV AQSSY LPPC EPVNETVAVE 50 
Goldfish 1 1 MRMRFWMVI LLPALM——M SGSECR SSC RLTNISITVE 50 
60 70 80 90 100 
Black seabream 51 KEGCPKCHPV ETTICSGHCI TKDPVMKTGY --VYQHVCTY RDLHYKTFEL 100 
Tilapia 51 KEGCPSCHPV ETTICSGHCI TKDPVIKIPF SNVYQHVCTY RDLYYKTFEL 100 
Goldfish 2 51 KEGCPKCLVL QTTICSGHCL TKEPVYKSPF STVYQHVCTY RDVRYETVRL 100 
Goldfish 1 51 SEECGSCITI DTTACAGLCK TQESVYRSPL MLSYQNTCNF REWTYETYEF 100 
110 120 130 140 150 
Black seabream 101 PDCPPGVDPT VTYPVAVSCN CGLCAMDTSD CTFESLQPNF CMNDIPFY-- 150 
Tilapia 101 PDCPPGVDPI VTYPVALSCH CGRCAMDTSD CTFESMQPDF CMNDIPFY-- 150 
Goldfish 2 101 PDCPPGVDPH ITYPVALSCD CSLCTMDTSD CTIESLQPDF CMSQREDFLV 150 
Goldfish 1 101 KGCPARADSI FTYPVALSCE CSKCNSDITD CGVLSQQTLG CNAH* 150 
160 170 180 190 200 
Black seabream 151 Y* 200 
Tilapia 151 Y* 200 
Goldfish 2 151 Y* 200 
Goldfish 1 151 -- 200 
Figure 3o Amino acid sequence alignments of different fish GTH-p including black 
seabream, tilapia and goldfish. Orange colour indicates the same amino acid residue 
among different fish species. Green colour indicates the consensus Cys residues among 
different fish species. 
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Chapter 4 Larger Scale EST Analysis of Black Seabream Pituitary 
cDNA Libraries 
4,1 Results and discussion 
4.1.1 ESTs analysis of black seabream pituitary cDNA libraries 
Elimination of the redundant clones 
From the result of the 400 clones, hormones are the most abundant genes in the 
libraries. The rate of re-sequencing these hormone clones will be highly increased in 
the larger scale analysis of ESTs leading to the lower chance to find the novel genes. 
Thus, an extra step is needed to eliminate the redundant clones before sequencing. 
Multiplex PGR, which uses specific pairs of primers for different hormones to 
amplify distinct sizes of PGR products in a single tube with the plasmids, had been 
performed. This technique can help in saving time to check out the repeated hormone 
clones in a single tube. However, the feedback is that some short clones may not be 
easily detected as the primers design and sizes of PCR products are restricted. 
Expression profile in the larger scale analysis of ESTs 
1000 random cDNA clones were sequenced from each of two black seabream 
pituitary cDNA libraries. The titering of the small and large libraries were 1.281x lO'^  
clones per ml and 5.1x 10^  clones per ml, respectively. Of the 2000 clones sequenced, 
897 clones were known genes and 426 clones were novel genes. Overall, 44.85% of 
64 
the sequenced clones were known genes and 21.3% were novel genes (Table 4.1). 
The majority of the pituitary hormones and hormone receptors have been found 
in the preliminary analysis of ESTs. This larger scale analysis mainly focuses on the 
novel genes and the genes first time found to be expressed in fish pituitary. Since the 
types and number of genes in larger scale analysis are much more than that in the 
preliminary analysis, the categories is somehow different from the preliminary 
analysis. The principle of categorizing these genes is based on the functions of these 
genes. These categories include: (1) ribosomal proteins, (2) enzymes, (3) structure, 
contractile/mobile proteins & related proteins, (4) cell differentiation, regulation, 
proliferation, growth & death related proteins, (5) protein related to sorting, 
degradation, folding & attachment，（6) signaling proteins, receptors & factors, (7) 
immune proteins, (8) membrane, transporting proteins & ion channels, (9) 
stress-induced proteins, (10) transcription factors & DNA/RNA binding proteins，(11) 
proteins related to lipid metabolism, (12) hormones, receptors and secretory proteins, 
(13) mitochondrial DNA, (14) inhibitors, (15) others, (16) novel, (17) clones without 
inserts and (18) clones loss during preparation (Table 4.2 and 4.3). The distribution of 
genes in different categories is shown in Figure 4a. 
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Table 4.4 Summary of the EST analysis with 1000 black seabream pituitary cDNA 
clones in small size library. 
Number of clones Number of Redundancy Expression 
Combined Category sequenced genes factor (%) 
Ribosomal proteins 64 47 1.36 3.2 
Enzymes 72 64 1.13 3.6 
Structure, contractile/mobile proteins & related 
proteins 15 11 1.36 0.75 
Cell differentiation, regulation, proliferation, growth 
& death related proteins 19 19 1.00 0.95 
Protein related to sorting, degradation, folding & 
attachment 13 12 1.08 0.65 
Signaling proteins, receptors & factors 13 11 1.18 0.65 
Immune proteins 11 11 1.00 0.55 
Membrane, transporting proteins & ion channels 30 27 1.11 1.5 
Stress-induced proteins 10 7 1.43 0.5 
Transcription factors & DNA/RNA binding proteins 37 27 1.38 1.85 
Proteins related to lipid metabolism 3 3 1.00 0.15 
Hormones, receptors and secretory proteins 574 14 41 28.7 
Mitochondrial DNA 18 3 6.00 0.9 
Inhibitors 8 7 1.14 0.4 
Others 10 10 1.00 0.5 
Subtotal 1 897 273 3.29 44.85 
Novel 426 426 1.00 21.3 
Subtotal 2 1323 --- ~ — 
Clones without inserts 282 --- ---
Clones loss during preparation 395 --- --- ---








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The largest group in the black seabream pituitary cDNA library: hormones, receptors 
and secretory proteins 
Undoubtedly, the largest group is hormones, receptors and secretory proteins 
(Figure 4a). The order of the hormones expressed in black seabream pituitary is 
similar to the preliminary analysis (Figure 3c). Somatolactin is the most highly 
expressed gene in the library followed by proopiomelanocortin and growth hormone. 
The gonadotropin releasing hormone, which is mainly expressed in hypothalamus, is 
also found in the large black seabream pituitary cDNA library. Some interesting 
hormone related proteins are also found including chromogranin A, thyroid hormone 
binding protein, corticotropin releasing hormone binding protein and prolactin 
regulatory element binding. All of them are found in the large library (Table 4.4 and 
4.5). However, no thyrotropin beta subunit is found in the larger scale analysis. 
84 
Table 4.4 Summary of the EST analysis with 1000 black seabream pituitary cDNA 
clones in small size library. 
Number of 
clones Number ofRedundancy Expression 
Small library (<2kb) Category sequenced genes factor (%) 
Ribosomal proteins 60 42 1.43 6 
Enzymes 29 27 1.07 2.9 
Structure, contractile/mobile proteins & 
related proteins 3 3 1.00 0.3 
Cell differentiation, regulation, proliferation, 
growth & death related proteins 4 4 1.00 0.4 
Protein related to sorting, degradation, folding 
& attachment 6 6 1.00 0.6 
Signaling proteins, receptors & factors 4 3 1.33 0.4 
Immune proteins 5 5 1.00 0.5 
Membrane, transporting proteins & ion 
channels 9 9 1.00 0.9 
Stress-induced proteins 2 2 1.00 0.2 
Transcription factors & DNA/RNA binding 
proteins 10 7 1.43 1 
Proteins related to lipid metabolism 0 0 0 
Hormones, receptors and secretory proteins 374 8 46.75 37.4 
Mitochondrial DNA 14 3 4.67 1.4 
Inhibitors 3 2 1.50 0.3 
Others 7 7 1.00 0.7 
Subtotal 1 530 128 4.14 53 
Novel 160 160 1.00 16 
Subtotal 2 690 ™ - - ---
Clones without inserts 93 --- ---
Clones loss during preparation 217 --- … ---
Total 1000 ™ - - . . . 
85 
Table 4.4 Summary of the EST analysis with 1000 black seabream pituitary cDNA 
clones in small size library. 
Number of 
clones Number of Redundancy Expression 
Large library (>2kb) Category sequenced genes factor (%) 
Ribosomal proteins 4 4 1.00 0.4 
Enzymes 43 38 1.13 4.3 
Structure, contractile/mobile proteins & 
related proteins 12 9 1-33 1.2 
Cell differentiation, regulation, proliferation, 
growth & death related proteins 15 15 1.00 1.5 
Protein related to sorting, degradation, folding 
& attachment 7 6 1.17 0.7 
Signaling proteins, receptors & factors 9 8 1.13 0.9 
Immune proteins 6 6 1.00 0.6 
Membrane, transporting proteins & ion 
channels 21 18 1.17 2.1 
Stress-induced proteins 8 7 1.14 0.8 
Transcription factors & DNA/RNA binding 
proteins 27 21 1.29 2.7 
Proteins related to lipid metabolism 3 3 1.00 0.3 
Hormones, receptors and secretory proteins 200 11 18.18 20 
Mitochondrial DNA 4 2 2.00 0.4 
Inhibitors 5 5 1-00 0.5 
Others 3 3 1.00 0.3 
Subtotal 1 367 156 2.35 36.7 
Novel 266 266 1.00 26.6 
Subtotal 2 633 --- — … 
Clones without inserts 189 — … 
Clones loss during preparation 178 --- ™ 
Total 蘭 0 - - -
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Chromogranin A 
Chromogranin A is the key member of the family of acidic glycoproteins (48 
kDa) of the adrenal medulla chromaffin granule (neuroendocrine secretory granules). 
It represents 46% of soluble protein in chromaffin vesicles (Rozansky et al., 1994). 
Epinephrine and other granule contents are co-secreted with this neuroendocrine 
secretory granule. Chromogranin A was not only secreted in adrenal, but also in the 
hypophysis, islet cells of the pancreas, parafollicular C-cells of the thyroid gland, the 
chief cells of the parathyroid gland, and enteroendocrine cells (Reiffen and Gratzl， 
1986). A protein called parathyroid gland secretory protein I (SP-I) (Ahn et al., 1987) 
had been found to be co-stored and co-secreted with parathyroid hormone (Cohn et al., 
1981)，was biochemically similar to chromogranin A. 
Chromogranin A binds catecholamines and calcium in granules to inactivate 
these cations osmotically in the catecholamine storage vesicle core (Videen et al.,1992; 
Reiffen and Gratzl, 1986) and may inhibit prohormone processing enzymes. 
Chromogranin A protein is also consistently up-regulated by glucocorticoid in vitro 
(Rozansky et al., 1994). Since glucocorticoids and catecholamines are the important 
regulatory factors in metabolic and cardiovascular responses, Chromogranin A may 
also play a role in these metabolic regulation (Videen et al., 1992). Other than the 
capability of binding to cations, chromogranin A is also the source of biologically 
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active peptides, such as pancreastatin (Tatemoto et al., 1986), which inhibits the 
insulin secretion from islet beta cell secretion, and chromostatin, which suppresses 
secretagogue-stimulated catecholamine release (Galindo et al., 1991). 
Corticotropin releasing hormone binding protein 
Corticotropin-releasing hormone binding protein (CRH-BP) is an endogenous 
modulator of the biological activity of corticotropin-releasing hormone (CRH) in the 
periphery and also modifies the synaptic and hormonal actions of CRH in the central 
nervous system and pituitary (Potter et al., 1992). In vitro, the basic function of 
CRH-BP is to bind CRH and antagonizes the release of adrenocorticotropic hormone 
induced by CRH. Most plasma CRH binds to CRH-BP so the plasma CRH is inactive 
and cannot bind to its receptor (Christos et al., 2002). 
An experiment on the CRH-BP-deficient mice was performed which the "free" 
corticotropin-releasing hormone (CRH) or urocortin levels in the brain were high in 
the CRH-BP-deficient mice resulting in a significant increase in anxiogenic-like 
behavior and a reduced weight gain (Karolyi et al., 1999). CRH, which is the key 
mediator in hypothalamic-pituitary-adrenal (HPA) axis, regulates the endocrine, 
behavioral, autonomic, and immune responses to stress (Owens and Nemeroff, 1991). 
In response to stressful stimuli, CRH regulates the pituitary adrenocorticotropic 
hormone (ACTH) and adrenal glucocorticoid secretion. CRH also acts as a 
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neurotransmitter to elicit anxiogenic-like effects, decrease food intake, reduce weight 
gain, modulate locomotor activity, and improve arousal and learning (Dunn & 
Berridge, 1990; Koob & Bloom, 1985; Behan et al., 1995) within the central nervous 
system (CNS). 
Prolactin regulatory element binding 
Prolactin (PRL) gene is expressed in pituitary lactotropic cells. Its expression is 
regulated by a pituitary-specific transcription factor Pit-1 in pituitary during 
development (Andersen and Rosenfeld, 1994) and in the mature organism (Okimura 
et al., 1994). Prolactin Regulatory Element Binding (PREB) is a novel WD Motif 
DNA-binding protein with a capacity to regulate prolactin (PRL) promoter activity. 
Several experiments have been performed on studying the physiological role in 
pituitary cells. The studies implied that PREB has the capacity to mediate PKA action 
on the PRL promoter in the absence of Pit-1. The results demonstrated the ability of 
basal PRL gene expression by transactivating cotransfected PRL constructs in 
heterologous cells. The results also showed that PREB mediate the PKA stimulation 
of a cotransfected PRL-CAT construct in heterologous cells. This may implicated that 
PREB may function in cAMP-mediated transcriptional actions of extracellular 
stimulation of PRL promoter activity (Fliss et al., 1999). However, further 
investigation is needed. 
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Thyroid hormone binding protein 
Most thyroid hormones (THs) are highly hydrophobic so they are protein bound 
in blood plasma. These proteins are thyroid hormone binding proteins (THBPs) such 
as transthyretin (Yamauchi et al., 1999). THs play an important role in the 
transformation of the larval to the adult form in vertebrates including fish. Other than 
THs, Cortisol and growth hormone are also involved in the morphological and 
biochemical changes at parr-smolt transformation (smoltification). For example, the 
smoltification of juvenile anadromous salmonids involves a morphological, 
physiological and behavioural change from a freshwater-adapted form to a 
salt-water-adapted form (Barron, 1986). However, little information about these 
transport proteins in fishes has been reported (Yamauchi et al” 1999). 
In rat, THBP was identified as a FSH-responsive gene in granulosa cells. In 
normal state, their mRNA are abundantly expressed in immature follicles. However, 
the transcription level sharply decreased to an undetectable level via the adenylyl 
cyclase/cAMP pathway after exposed to FSH (Ko et al., 2003). 
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4.1.2 Genes first time found in fish 
Newly established orthologs and novel genes from the ESTs of the black seabream 
pituitary 
Genes first time found in fish and novel genes are useful in getting deeper 
understanding of the molecular and biochemical processes in fish pituitary if more 
works will be done on characterizing these genes. However, the first step is to isolate 
these genes. Therefore, ESTs analysis provides the direct and fast route to find out 
many of these genes. New orthologs were established for totally 41 unique ESTs by 
BLASTN and TBLASTX searches and then, the literature review and database 
searching including PubMed, Medline and BIOSIS Previews in both preliminary and 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































These 41 genes are belonging to different categories (Table 4.7). Some of them 
have direct relationship in the molecular and biochemical regulation of hormones 
production and secretion. Some of them are related to the cell regulation, growth and 
defense. Functions of some of these genes are discussed below. 
Table 4.7 Categories of 41 genes that are first time found in fish. 
Clones name Name 
Enzymes 
1S65 ATPase, H+ transporting, V1 subunit G isoform 2 (Atp6vtg2) 
3325 DEAD-box RNA helicase 
3F60 Diacylglycerol kinase, delta 130kDa 
3153 Endothelin converting enzyme 1 (ECEl) 
1L20 Iduronate 2-sulfatase (Ids) 
1M94 Inositol hexakisphosphate kinase 2 
1075 Microsomal signal peptidase complex (SPC 18) 
3G03 Mitogen activated protein kinase 10 
3207 0-linked N-acetylglucosamine transferase 
3222 Pantothenate kinase 1 alpha 
1076 UDP-N-acteylglucosamine pyrophosphorylase 1 (UAPl) 
3B100 Vacuolar ATP synthase subunit C 
3236 Vacuolar H(+)-transporting ATPase 116kDa subunit a3 isoform 
Cell differentiation, regulation, proliferation, growth & death related proteins 
3B45 Amphiphysin amph 1 
3E10 C-Serrate-l protein 
3A02 Ras-specific guanine nucleotide-releasing factor 
Protein related to sorting, degradation, folding & attachment 
1PO1 GPI anchor attachment protein (Gpaal) 
Structure, contractile/mobile proteins & related proteins 
3B53 Myotubularin related protein 4 (MTMR4) 
3167 Myoxin IXB (MY09B) 
3B30 Fragment for calsequestrin homologue 
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Transcription factors, activators & repressors & DNA/RNA binding proteins 
3110 EH domain-containing protein-4 
3180 RNA and export factor binding protein 1 (Refbpl) 
3188 TBP-associated factor 172 (TAF-1) (TAF(11)170) (LOC309511) 
Signaling proteins, receptors & factors 
3428 Mitogen phosphoprotein 
3E78 Rai-like protein RaLP 
3E69 Ras association (RaIGDS/AF-6) domain family 1 transcript variant A 
3B51 Seven transmembrane domain orphan receptor 
Hormones, hormone receptors and regulatory proteins 
1L04 PSP94-like protein (LOC362507) 
1349 RAS dexamethasone-induced 1 
3J16 Secretory granule neuroendocrine protein 1 
1M83 Secretory granule, neuroendocrine protein 1 (7B2 protein) 
Ion channels, membrane & transporting proteins 
3116 Calsyntenin 
3B29 Component of oligomeric golgi complex 3 (Cog3) 
3239 Islet cell autoantigen 512 
3149 PEX 13 
3E72 Skeletal muscle type 1 voltage sodium channel 
Proteins related to lipid metabolism 
3E32 Apolipoprotein A-I binding protein 
Immune proteins 
3BO 1 Herpes virus entry mediator (Hvem) 
3E30 Interferon regulatory factor 2 binding protein 1 
Others 
1N48 LIM domain only 4; LIM only 4; induced 4 (LOC362051) 





Amphiphysin (Amph) is a hydrophilic, highly acidic protein found in soluble and 
particulate fractions of brain homogenates including synaptic vesicles (David et al., 
1996). Amph is firstly identified as a synaptic-vesicle-associated protein (Lichte et al” 
1992). Amph has also been reported to exist as a phosphoprotein since it is 
dephosphorylated when stimulated (Bauerfeind et al., 1995). It also acts as an 
autoantigen in paraneoplastic, breast cancer-associated, Stiff-Man syndrome. 
Amph is a src homology 3 (SH3) domain-containing protein which this SH3 
domain interact with the dynamin leading to the synaptic vesicle endocytosis (Wigge 
et al., 1997). This is shown by several experiments. In an in vivo study, 
clathrin-mediated endocytosis was blocked due to the disruption of dynamin-Amph 
interactions in recombinant Amph SH3 domain (Shupliakov et al., 1997; Wigge et al., 
1997). In Stiff-Man syndrome, the autoantibodies to SH3 domain of Amph caused the 
neurological defects in these patients (David et al., 1994). In a yeast experiment, 
mutations in two proteins, rvsl61 and rvsl67, that are weakly homologous to Amph, 
caused a reduction in endocytosis (Munn et al., 1995). 
Apart from the interaction with dynamin, Amph has also been reported to 
interact with the a-subunit of the adaptor protein complex 2 (AP-2) adaptor complex 
(Wang et al., 1995; David et al” 1996). Amph can interact with a-adaptin and 
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dynamin simultaneously in vitro (Wigge et al., 1997). Thus, Amph may recruit 
dynamin to clathrin-coated pits via its interaction with plasma membrane adaptors 
(David et al., 1996) 
Calsyntenin 
Calsyntenin is a transmembrane protein found in the postsynaptic membrane of 
both excitatory and inhibitory synapses in the Central Nervous System (Vogt et al.,. 
2001). Calsyntenin contains two cadherin-like repeats in its N-terminal extracellular 
region. It also has a highly acidic cytoplasmic C-terminal region that binds calcium 
ions. Since its extracellular domain has a putative adhesive function and the 
calcium-binding cytoplasmic moiety, it might link extracellular cell adhesion events 
to intracellular calcium signaling (Zurlinden et al., 2002). In an in situ hybridization, 
the expression of calsyntenin was highest in brain. The expression of calsyntenin in 
heart, placenta, skeletal muscle, and kidney was low. No expression was found in lung, 
liver and normeural tissues except in the submandibular gland (Vogt et al.,. 2001). 
Calsyntenin is a dynamic modulator of postsynaptic Ca^ "^  signals since it can 
bind Ca2+ with its cytoplasmic moiety. By extracellular proteolytic cleavage of 
calsyntenin, the transmembrane stump is internalized leading to the translocation of 
Ca2+-binding domain from the cytoplasmic side of the postsynaptic membrane to the 
surface of the spine apparatus (Fig. 4b) (Vogt et al., 2001). 
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Figure 4b The protease-dependent translocation of the postsynaptic Ca binding of 
calsyntenin. Full-length calsyntenin is found in the postsynaptic membrane. In the 
synaptic cleft, the transmembrane stump is internalized and accumulated in the 
membrane of the spine apparatus after proteolytic cleavage by an extracellular 
protease. 
Endothelial converting enzyme 
Endothelin-converting enzymes (ECEs) is an endopeptidase that specifically 
cleaves the big endothelin-1 (ET-1) at Trp21 -Val/Ile22 to form endothelin (ET) 
(Masatsugu et al., 2003). ET is firstly isolated from the medium of cultured porcine 
aortic endothelial cells and found that it possessed peptide potent vasoconstrictor 
activity (Yanagisawa et al., 1988). ET is also known to promote vascular growth. 
Two ECEs have been recently isolated and their activities were completely inhibited 
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by metalloprotease inhibitors but not by serine, cysteine, and acid protease inhibitors 
so they are membrane zinc-binding metalloendopeptidases (Masatsugu et al., 2003). 
They are membrane-bound enzymes due to significantly higher specific activity in the 
membrane fraction compared to the cytosolic fraction from endothelial cell (Ahn et al., 
1992). 
Recently, studies on the effect of shear stress on ET and ECE expression have 
found that shear stress can induce intracellular peroxides production in cultured 
bovine carotid artery endothelial cells. This leads to increase in reactive oxygen 
species (ROS) levels in shear-treated endothelial cells. In the presence of oxidative 
stress, the expression of ECE-1 and ET-1 mRNA were reduced and implied that this 
ROS can suppress endothelin secretion (Saito et al” 2001). However, the antioxidant 
N-acetyl cysteine (NAC) can attenuate the down-regulation of ECE-1 and ET-1 
mRNA expressions caused by shear stress. This result further explained the 
physiological shear stress-induced down-regulations in ECE-1 and ET-1 expression 
are mediated through the activation of oxidative stress (Masatsugu et al., 2003). 
Herpes virus entry mediator 
Herpes virus entry mediator (HVEM) is a newly discovered member of the 
tumor necrosis factor receptor (TNFR) superfamily. Structurally speaking, members 
of TNFR superfamily share a similar construction of their extracellular domain 
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consisting of a series of cysteine-rich segments about 30-40 amino acids with six 
cysteines in each segment (Jung et al., 2003). The HSV surface envelope glycoprotein 
gD (Montgomery et al., 1996) and two members of the TNF family, lymphotoxin 
oc (LTa3) and the newly described member LIGHT (TL4)，which is produced by 
activated T cells (Montgomery et al., 1996; Mauri et al., 1998) were three ligands 
have been identified for HVEM. 
The normal cellular distribution of HVEM revealed by mRNA analysis showed 
that HVEM expresses in lung, spleen, thymus, monocytes, B lymphocytes, and T 
lymphocytes, but not in brain, liver, and skeletal muscle. A recent report found that 
HVEM protein was widely distributed on peripheral blood T and B lymphocytes, NK 
cells, and monocytes by flow cytometric analysis. Its expression in cell lines, most 
solid tumor cell lines did not express HVEM but its expression was observed in 
hemopoietic cell lines, especially the myelomonocytic lineage (Morel et al., 2000). 
Functionally speaking, HVEM involves in the regulation of diverse immune 
functions including herpes simplex virus entry, T cell activation and tumor immunity. 
Some of HVEM regulates signaling apoptosis while others play roles in lymphocyte 
activation, differentiation, proliferation, cytokine production, and expression of cell 
surface activation molecules (Jung et al., 2003). In the herpes simplex virus entry, 
HVEM acts as a cellular mediator interacting with the HSV virion glycoprotein D (gD) 
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that is required for entry into HVEM expressing cells (Whitbeck et al., 1997). 
LIM'domain only 4 
Many cellular processes, for example cell proliferation, differentiation, and 
survival, are controlled by signal transduction pathways which involves specific 
protein-protein interactions. Some non-catalytic adapter proteins mediate these 
protein-protein interactions and are specialized in formation of multi-protein complex. 
These adapter proteins structurally contain multiple protein binding motifs. One of the 
examples is the LIM domain that is a protein binding motif consisting of a 
cysteine-rich zinc-binding motif (Tu et al., 1999). 
Many LIM proteins contain different functional domains, for example 
homeodomains, kinase domains. Only LIM domains (LIM-only proteins) which is a 
subfamily of LIM proteins has also been described. LIM-domain only 4 (LM04) is a 
novel LIM-only gene composed of almost entirely of two tandem LIM domains. It 
often expresses in proliferative cells, such as in the epidermis and in postmitotic cells 
such as in the adult nervous system (Sugihara et al., 1998). It is regulated 
differentially during the thymic subsets development. It may also modulate the 
activity of transcriptional complexes when there are highly conserved signaling 
mechanisms in the early embryo (Kenny et al., 1998). 
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PEX13 
PEX genes encode proteins, called peroxins, required for the normal biogenesis 
of the peroxisome (Distel et al., 1996). Peroxisomes are subcellular respiratory 
organelles that carry out a variety of flinctions in eukaryotic cells, including 
B-oxidation of fatty acids, glyoxylate metabolism and metabolism of reactive oxygen 
species. For instance, peroxisomes are the only site of B-oxidation, many peroxisomal 
enzymes and PEX genes are induced by fatty acids, notably oleate, and repressed by 
glucose in yeasts (Karpichev et al., 1997). Recently, many genes related to 
peroxisomal protein import and peroxisome biogenesis (PEX genes) have been 
identified (Distel et al., 1996). 
PEX 13 is an integral peroxisomal membrane protein that contains the src 
homology 3 (SH3) domain. Src homology 3 (SH3) domains are small non-catalytic 
proteins that mediate protein-protein interactions by binding to proline-X-X-proline 
(P-X-X-P) motifs. SH3 domains contain about 60-70 amino acids and it is highly 
similar in sequence. It can be found in different proteins ranging from cytoskeletal 
compoents to members of the signal transduction pathway (Barnett et al., 2000). 
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Chapter 5 Analysis of Black Seabream Pituitary Gene Expressions in 
Pituitary Collected from Different Months 
5.1 Introduction 
Marine organisms respond to many environmental conditions through a number 
of physiological and developmental changes. Seasonal changes involve a lot of 
environmental changes including temperature, water salinity, food availability, 
toxicants exposures, tidal change and light-dark cycle. Pituitary takes an important 
role in maintaining the whole body homeostasis, thus, genes expressed in the pituitary 
are related to the environmental stimuli as listed above. 
Other than homeostasis, pituitary also secretes hormones to control growth, 
reproduction, osmoregulation and energy metabolism. Black seabream has a very 
special characteristic. In the first 2 years, black seabream is functional male and it 
starts to change to female at third year. Sex steroid hormones are reported to be 
involved in the sex reversal but the stimulating factor is still unknown (Chang et al., 
1994). It is interesting that there is no adult male black seabream collected from June 
to October and this period is not pre-spawning and spawning periods. This may also 
be related to the pituitary hormones gene expression in different months. 
By studying the gene expression profiling in different months, more background 
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information on the pituitary gene regulation would provide more insights on the 
functions of the genes being expressed or depressed, and also provide a baseline and 
comparative resource for other external challenges and stimuli on the seabream 
pituitary studies. 
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5_2 Northern blot analysis of seasonal variation of growth hormone 
family genes 
Northern blot analysis was used to analyze the changes in the levels of GH, PRL, 
SL mRNAs in adult black seabream pituitaries in different months. August represents 
the end of summer and February represents the end of winter. From figure 5a, GH, SL 
and beta-actin renders two different sizes bands but no bands can be found in PRL. 
The sizes of the bands of GH are approximately 1.0 kb and 0.4 kb while that of the 
bands of SL are about 1.8 kb and 1.2 kb. The sizes of two bands of beta-actin are 
around 1.8 kb and 1.3 kb. 
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Figure 5a Northern blot analyses of gene expression pattern of growth hormone, 
prolactin, somatolactin and beta-actin in adult female black seabream pituitaries with 
5 replicates done for both months. M: 0.24-9.5 kb RNA Ladder (Invitrogen). 
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From figure 5b, the intensities of bands were converted to arbitrary values and 
we can found that the expression of GH and SL are seasonally regulated. GH mRNA 
is found to be highly expressed at the end of winter (February) while SL mRNA starts 
to express at the end of summer (August). However, the expression of PRL mRNAs is 
too low to be detected by northern blot in these two months. The significant changes 
in GH mRNA and SL mRNA between August and February are about 3 folds and 2 
folds, respectively. 
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Figure 5b Relative changes (relative to p-actin) in the levels of GH and SL mRNAs in 
adult female black seabream pituitaries in August and February. Values are mean 士 
S.D. **P<0.01; ***P<0.001 by one-way ANOVA using turkey test. 
GH, PRL, and SL belong to same family of hormones sharing similarities in 
structure and function. Due to the similarities in structure, function, and gene 
sequences, these hormones are supposed to be evolved from a common ancestral gene 
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through duplication and subsequent divergence (Shepherd et al” 1997). 
GH has been reported to regulate growth in all vertebrates, including fish. It also 
plays role in seawater osmoregulation of salmonid (Sakamotoa et al., 1997) and 
cichlid teleosts and regulation of salmon smoltification (Dickhoff et al., 1997). Many 
actions of GH are mediated by insulin-like growth factor I (IGF-I) which is produced 
by liver, bone and other types of tissues in response to GH. 
PRL is the most versatile of the pituitary hormones showing lactogenic, 
luteotropic, mitogenic, somatotropic, metamorphic, antimetamorphic, and 
osmoregulatory activities. Among teleosts, the primary action of PRL is 
osmoregulatory action in adaptation to freshwater. On the other hand, some 
arguments on the somatotropic activities of PRL on growth-promoting actions have 
been reported because of the binding of heterologous PRL to GH receptors in teleosts 
(Brelje et al., 1989). 
SL is a novel and mysterious pituitary hormone found in teleosts only as it shows 
positive responses in different kinds of actions. Up till now, it is considered to be 
involved in various physiological functions including sexual maturation, 
environmental adaptation, energy metabolism, stress and immune response (Kaneko, 
1996). However, the exact role of SL in black seabream remains to be investigated. 
PRL plays an important role in freshwater adaptation in euryhaline teleosts 
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(Kaneko and Hirano, 1993). However, black seabream, is a euryhaline species, does 
not require fresh water environment in its life cycle and it is never found in fresh 
water (Kelly et al., 1999A). It may explain the reason of no signal of PRL in the 
Northern blot analysis. However, we have only examined the expression level in two 
months. This may not tell the whole picture of the change in PRL mRNA through a 
year. Moreover, Northern blot is a comparatively qualitative but not exactly 
quantitative technique. Therefore, a more quantitative method, real time-PCR has 
been adopted to determine the relative mRNA expression level in later part. 
It seems that February is the start of the warm periods in Hong Kong waters. 
Food intake becomes sufficient at the warm temperature. The daylight also starts to be 
longer. With the increase in temperature and food abundance, it is a good time to store 
energy and grow. Thus, the level of GH mRNA rises in February. Increasing GH 
mRNA at the beginning of the warm period may serve as the growth spurts and also 
promotes lipid metabolism for growth (Mingarro et al” 2002). However, in August, 
the level of GH mRNA is decreased around 3-fold. 
On the other hand, the level of SL mRNA is high in August compared to 
February. Although August is the end of summer, the water temperature is still warm. 
Since the water temperature begins to be cold and the food source becomes 
insufficient, the available energy source is also reduced. This may indicate that the 
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increase in SL mRNA may act as a mediator to reduce food intake and reproductive 
processes. GH and SL seem to have a contradictory expression pattern and thus 
inverse control mechanisms. 
I 
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5.3 Seasonal analysis of growth hormone family genes by real time- PGR 
Results of real time-PCR 
Comparing with the Northern blot and dot blot, real time-PCR is the most 
sensitive and quantitative method to detect specific mRNA. Thus, this technique is 
adopted to quantify the relative amount of the seasonal expression of growth hormone 
family genes. 
Determination of the linear range of the PCR amplification 
Preliminary studies were focused on optimizing the oligonucleotide primer 
concentration using pituitary first strand cDNA as template. The relationship between 
the Ct value and the logarithm of the different dilutions of template cDNA was 
evaluated under optimum conditions of the target genes (GH, PRL and SL) and 
reference gene (GAPDH) were shown to be linear with a correlation of 0.99. 
Mathematical model for relative quantification in real-time PCR 
Since the efficiency (E) of each PCR amplification is different, a new 
mathematical model to calculate the relative expression level of a target gene by 
comparing with a reference gene is adopted to determine the relative expression ratio 
(R) of a target gene. It is based on the efficiency (E) of the PCR amplification and the 
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Figure 5c Linear relationship between Ct and logarithm of the dilution factor of the 
serial dilution of the pituitary first strand cDNA. The relative standard curve using the 
GH primers, the PRL primers, SL primers and GAPDH primers amplified with the 
pituitary first strand cDNA. The average Ct values are plotted against the logarithm of 
the dilution factor of cDNA. 
The efficiency of the real-time PCR amplification of one cycle in the exponential 
phase was calculated according to the equation: E二 10(-i如ope) which the slope is 
determined from the standard curve of each gene. 
Etarget X A C t t a r g c t (Control mean -Sample mean) 
R一 Eref X A C t r e f ( C o n t i o l mean " S a m p l e mean) 
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The equation shown above is a mathematical model of relative expression ratio 
in real-time PGR. R is the ratio of the target gene expressed in a sample versus control 
compared to that of a reference gene. 
Etarget and Erefare the real-time PCR efficiency of a target gene transcript and a 
reference gene transcript, respectively. ACttarget and ACtref are the Ct deviation of 
control mean 一 Sample mean of the target gene transcript and the reference gene transcript, 
respectively. 
Results and discussions 
In female seabream, the relative expression level of pituitary GH mRNA was 
lowest at June, July and August. The GH mRNA level then gradually increased from 
September and had a small drop in November. It then rose suddenly from December 
to January and came another sudden drop in February. Its level increased again from 
March and reached the peak at April and decreased at May (Fig. 5d). 
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Figure 5d Relative levels (relative to GAPDH) of GH, PRL and SL mRNAs compared 
to the average percentage of gonadosomatic index (GSI %) of adult female and male 
black seabream in different months by real time-PCR. The results of female (F) are 
shown on the left column and those of male (M) are shown on the right column. 
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Figure 5e Combined graphs of relative levels (relative to GAPDH) of GH, PRL and 
SL mRNAs compared to the average percentage of gonadosomatic index (GSI %) of 
adult female and male black seabream in different months by real time-PCR. F 
represents female seabream and M represents male seabream‘ 
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Since there was no male seabream fish collected from June to October, the 
results began at November and end at May. In between winter and spring, the relative 
expression level of GH mRNA increased from November and got highest expression 
level at December and January. It then decreased from February and dropped to a 
lowest level at March. GH mRNA level rose and continued to increase after April. 
In both female and male seabream, the relative expression levels of PRL mRNA 
were extremely low. This reflects that the copy number of PRL in seabream pituitary 
was very low throughout a year. Interestingly, it got a similar expression pattern in 
both female and male from November to May. In November, the relative PRL mRNA 
level is very low and it rises at December. Then, it dropped from January to April and 
increased in May. In female seabream, the relative PRL mRNA level got a peak at 
June and dropped suddenly at July. It gradually increased from August and got 
another peak at October. 
In female seabream, the relative expression level of SL mRNA was the highest at 
June and had a sudden drop at July. It rose at August and then gradually decreased 
from September to November and suddenly dropped to a low level at December. SL 
level rose again at January and February and decreased to the lowest level at March 
but rose again then. 
In male seabream, the relative SL mRNA expression was at a peak in November 
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and then decreased gradually to a lowest level at February. The SL mRNA level then 
increased at March and slightly dropped at April and May. 
Generally speaking, relative expression level of GH mRNA was higher in winter 
and spring, comparing to summer and autumn in female seabream. The relative 
expression level of GH mRNA in male seabream was relatively higher in winter to 
spring. 
For PRL mRNA, although there were fluctuations in both female and male 
seabream, it is difficult to find out the relationship between the trend of fluctuation 
and seasonal change. 
During summer and autumn, the relative expression level of SL mRNA was 
higher and that of SL mRNA was lower in winter and spring in female seabream. In 
male seabream, there was a decreasing trend of SL mRNA expression from winter to 
spring and started to increase in the beginning of the summer. 
By comparing the highest and lowest levels of expression in female and male, 
there was a 3-4 fold change in GH mRNA expression in female seabream and around 
2-3 fold change in male seabream. There was also a 3-4 fold change in PRL mRNA 
expression in both female and male seabream. In SL mRNA, the differences were 4-5 
fold in female seabream and 2-3 fold in male seabream. 
In Fig. 5e, the seasonal changes of growth hormone family genes are combined 
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with the GSI % change. The pre-spawning and spawning period was from November 
to February which the GSI % was the highest. The results showed that PRL mRNA 
was at low level over a year in both female and male seabream. Interestingly, the GH 
mRNA level was higher in the pre-spawning and spawning period in both female and 
male while the SL mRNA level was lower in this period. It is consistent with the 
Northern blot in which, the SL mRNA level was higher in August and GH mRNA was 
higher in February. 
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5.4 Sexual maturity of black seabream throughout the reproductive cycle 
Gonadosomatic index (GSI) is the percentage of the gonad weight to the body 
weight to reflect the sexual maturity of a fish. In female black seabream, GSI started 
to increase from October (0.87±0.12%) to peak values in January (6.22±2.75%). After 
the spawning period, it decreased in March (0.78±0.22%) and remained low until 
September (L06±0.42%) in 2003 (Fig. 5f). 
In male black seabream，since no male fishes can be collected from May to 
October, no data on GSI can be calculated. From November to April, GSI dropped 
slightly from November (3.86±1.5%) to January (3.18土0.88%) but it rose suddenly in 
February (5.82±2.5%). GSI then decreased in March (1.36±0.74o/o) and April 
(0.36±0.12%) (Fig. 5f). 
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Figure 5f GSI % of adult female (F) and male (M) black seabream throughout a year 
(July of 2003 to June of 2004) (n二5/season). 118 
5.5 Seasonal analysis of black seabream pituitary genes by dot blot 
study 
Dot blot analysis revealing different genes expression pattern seasonally 
Although dot blot is not as advanced as cDNA microarray, it allows us to 
examine a large number of genes simultaneously and relatively inexpensive. Also, 
large-scale and high-density microarrays for black seabream is not available. 
Therefore, dot blot is suitable for this purpose. 
Dot blot provides a quick look on the different expression pattern on genes in a 
wide range of conditions simultaneously although it cannot tell us the qualitative 
results. From the results of dot blot, we can choose the genes that shows positive 
response for further study which eliminates a lot of time in searching seasonal change 
related genes. 
Seasonal change involves a lot of factor variations. These environmental changes 
induce stresses on aquatic organisms and may cause disease and mortality in fishes. 
Thus, they develop a series of adaptation abilities and homeostasis to make them 
survive. This results in the change in gene expression under acclimation (Ju et al., 
2002). The following figure shows the relationship of the environmental stress and 
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Figure 5g Schematic flow chart of molecular events proposed to lead to adaptation or 
tolerance to adverse environmental conditions. 
In total, 47 cDNA clones from black seabream pituitary ESTs have been 
processed by dot blot analysis, cDNA were dotted on the nylon membrane in 
duplicate. Clones were arranged into 8 categories according to their functions. The 
designated 8 categories are: (1) housekeeping genes; (2) stress proteins; (3) 
reproductive genes; (4) genes involved in signal transduction; (5) hormones and 
hormone related proteins; (6) genes involved in osmo-regulation and acid-base 
balance; (7) genes involved in energy metabolism and (8) genes involved in redox 
balance and antioxidant defense. One negative control, human cell line HJ60, has 
been dotted. Gene expression in the months of January, March, July, September and 
November of adult female black seabream pituitaries and the months of November, 
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Figure 5h Low-density cDNA microarray hybridization shows the dots intensities of 
the pituitary genes in adult female black seabream in five different months: January, 
March, July, September and November. 
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Figure 5i Low-density cDNA microarray hybridization shows the dots intensities of 
the pituitary genes in adult male black seabream in four different months: November, 
January, February and March. 
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Dot blot is very useful in screening genes that express differentially in different 
seasons. Fig. 5h and 5i demonstrate the change in dots intensities of different genes in 
different months and sexes. Fig. 5m and 5n show the relative levels of different genes 
expression in different months and sexes. To simplify the analysis, table 5.1 shows the 
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Figure 5j Relative levels (relative to GAPDH) of negative control, human cell line 
HJ60，in adult female and male black seabream in different months. 
Housekeeping genes and negative control: 
The negative control (Fig. 5j) shows no difference in both female and male. This 
implicates that the specificity of hybridization is very high. In theory, the 
housekeeping gene, 28S ribosomal protein, beta-actin and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) (Fig. 5k and 51) suppose to be most stable. 
However, in female group, these three genes showed significant changes between 
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warm and cold periods. There is no difference in male group in cold season. 
Female GAPDH Male GAPDH 
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Figure 5k Arbitary values of GAPDH mRNA in female and male black seabream 
collected from different months. 
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Genes involved in osmo-regulation and acid-base balance 
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Figure 5m Relative levels (relative to GAPDH) of different pituitary genes mRNA in 
adult female black seabream in different months. 
Female group 
Stress proteins 
There are no changes in heat shock protein 70 and metallothionein (MT) in 
female although there is report on the expression of MT in bovine pars intermedia of 
the adenohypophysis (Zatt et al.，2001). On the other hand, hypoxia inducible factor a 
(HIF a), heat shock protein 90 a (HSP90 a) and heat shock protein 90 p (HSP90 p) 
have significantly change in different seasons in female. 
HSPs are multi-function proteins involved in protein folding, oligomerization to 
steroid receptor activation and inactivation, physiological adaptation. The mediator to 
the HSPs activation is environmental temperature change which causes the heat shock 




Three genes were selected to represent the seasonal change in reproductive genes 
including cathepsin B, cystatin and transforming growth factor P. 
In female, the expression of all three genes in pituitary has no significant change 
because the relative expression levels of these genes are very low. 
Genes involved in signal transduction 
In signal transduction, calmodulin and protein kinase C have no significant 
changes in the investigated month. Ca^'^/Calmodulin serine protein kinase, ATPase 
Ca2+ transporting and calsyntenin have significantly higher expression in warm 
seasons compared with cold seasons in adult female seabream. 
In signal transduction pathway, C a � . plays a central role as a second messenger 
(Bootman and Berrige, 1995; Clapham, 1995), in which temperature shift, 
salinity/drought, oxidative stress, and hypoxia are some factors affecting the signal 
transduction (Bush, 1995; Sanders et al., 1999). When the cytosolic Ca^^ increases, it 
triggers many signal transduction pathways such as regulation of enzyme activity, ion 
channel activity, and gene expression resulting in diverse cellular responses (Bush, 
1995). Another important process of Ca^ ^ is to regulate proteins processing in 
secretory pathways (Rudolph et al., 1989). This requires a well-regulated transport 
system to control the concentration of Ca^^ in the cytoplasm and endomembrane 
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compartments. Two active Ca^ "^  transporters, Ca^ "^  pumps and Ca2+/H+ antiporters, 
which control the efflux of Ca^^ from cytosol, are powered by ATP hydrolysis and 
proton motive force, respectively (Bush, 1995). 
Hormones and hormone related proteins 
In black seabream pituitary hormones and the related proteins, hormones 
including chromogranin A, ependymin, thyrotropin beta, thyroid hormone binding 
protein, GTH-a, GTH- p, gonadotropin releasing hormone (GTHRH), gonadotropin 
releasing hormone receptor (GTHRHR), GH, SL, PRL, PRL regulatory element 
binding, proopiomelanocortin POMC and corticotropin releasing hormone binding 
protein were chosen for dot blot study. The hormones showing significantly changes 
in different months in female seabream include chromogranin A，GTH-a, GTHRHR, 
GH, PRL and POMC, SL and thyrotropin beta. Ependymin, thyroid hormone binding 
protein and PRL regulatory element binding do not have significant differences in 
different months. 
Genes involved in osmo-regulation and acid-base balance 
Although black seabream does not occur in a freshwater environment, the 
seasonal change of ions in seawater may also affect their osmo-regulation, especially 
living in estuaries. The external salinity is continuously shift by tidal rhythms, wind, 
storm, or river-flow variations. In gills, the chloride cells increase their cell densities, 
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sizes and Na+-K+-ATPase activity in freshwater-acclimated euryhaline fish (Moyle 
and Cech, 2000). 
The CO2, which is released from fish, is hydrated in the water. High-density fish 
culture causes excess excreted CO2 and creates hypercapnic conditions. The dissolved 
CO2 becomes carbonic acid (H2CO3) leading to lowering water pH. The H" ions 
dissociate from carbonic acid and diffuse into the fish resulting in lowering fish 
internal pH. To control the acid-base balance in fish, the bicarbonate equilibrium 
system is the primary mechanism. By exchanging H^ for Na+ and HCOs" for CI", the 
acid-base and ionic balance can be achieved (Moyle and Cech, 2000). 
In female seabream, chloride channel CLC3, NaHCOs cotransporter and Na/K 
ATPase a express highest at July comparing with the other months. From the 
statistically analysis, the relative expression of chloride channel CLC3, NaHCOa 
cotransporter and Na/K ATPase a mRNAs are also significantly higher at July. 
However, this calculation may be mislead by the unstable expression of GAPDH. 
Genes involved in energy metabolism 
Environmental change causes the acclimatization of organisms to adapt to 
different environments. Temperature change is one of the major variations in seasonal 
change. During winter, lowering temperature decreases the activities of enzymes but 
increasing the activities of metabolic enzymes. The activities of these metabolic 
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enzymes compensate the enzyme-catalyzed biochemical reaction rates in abiotic 
temperature. These metabolic enzymes include lactate dehydrogenase (LDH) and 
cytochrome c oxidase (CCO) which play important roles in aerobic and anaerobic 
metabolism (Rogers et al., 2003). 
LDH plays an important role in carbohydrate metabolism in many cells 
especially skeletal muscle, heart, kidneys and liver. Its main role is to provide energy 
to different cells. In a gene mutation study on LDH of warm temperate fish, the 
results provide some evidences on changes in mobility of catalytically important 
molecular structures and alteration of activation energy alone, or activation energy 
and substrate affinity in cold adapted LDH (Fields and Houseman, 2004). 
C/EBP, cytochrome c oxidase I，glucose transporter lA，mitochondrial ATP 
synthase and LDH a and P have significantly different expression levels in warm and 
cold seasons in female seabream. Although the relative expression levels of these 
genes are higher in July in female seabream due to the low expression level of 
GAPDH in female seabream, these genes should show different seasonal expression 
pattern. 
Genes involved in redox balance and antioxidative defense 
In this group, only selenoprotein P and thioredoxin have seasonal different 
expression in female seabream. It seems that the expression levels of thioredoxin and 
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selenoprotein P are higher in cold season rather than in warm season. 
Thioredoxin is a major cellular protein disulfide reductase with a dithiol or 
disulfide active site. It serves as an electron donor for many enzymes for example 
ribonucleotide reductases, thioredoxin peroxidases and methionine sulfoxide 
reductases. Its main role in many organisms is to reduce hydrogen peroxide to prevent 
oxidative stress and apoptosis induction (Amer and Holmgren, 2000). The high 
expression level of thioredoxin in human enodmetrium in the early secretory phase of 
the menstrual cycle has also been reported (Sahlin et al., 2000). 
Selenoprotein P is a selenium-rich extracellular glycoprotein and suggested to 
serve in antioxidative defense and selenium transport. Recently, selenoprotein P has 
been reported to speed up the phospholipid hydroperoxide reduction by glutathione or 
thioredoxin, to act as a peroxynitrite scavenger and cell sruvival-promoting factor 
(Saito et al., 2004). It has also been reported that the primary sequence of this protein 
have the property of heavy metal binding due to the high content of selenocysteine 
and histidine. Reports showed that it can bind mercury, zinc, nickel, cadmium and 
silver. This function helps in chelating heavy metals to reduce their toxicity 
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Figure 5n Relative levels (relative to GAPDH) of different pituitary genes mRNA in 
adult male black seabream in different months. 
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Stress proteins 
There were significant changes in the expression of HIF a, HSP90 a and HSP90 
3 in male seabream. The expression levels of these three genes were especially lower 
in March comparing to November, January and February. On the other hand, there 
were no changes in HSP70 and MT in male seabream. 
Reproductive genes 
Three genes were selected to represent the seasonal change in reproductive genes 
including cathepsin B, cystatin and transforming growth factor p. Cathepsin B is a 
papain-like cysteine protease involved in the protein degradation and turnover of 
lysosomal proteolytic system. A natural inhibitor called cystatin can inhibit this 
cysteine protease, cathepsin B (Stachowiak et al., 2004). They are involved in many 
normal processes such as intracellular protein catabolism, processing of prohormones 
and proenzymes, antigen presentation, bone resorption, and implantation (Eriksson et 
al., 2002). Some paper found that cathepsins, including cathepsin A, B，C，D, H, L, S 
and V, are expressed in the testis. This suggests the role for cathepsin B and cystatin in 
testis differentiation or spermatogenesis (Esnard et al., 1992). Another study found 
that both cathepsin B and cystatin play an important role in the process of embryo 
implantation (Afonso et al” 1997). Transforming growth factor (3 is known to regulate 
reproduction in mammal ovaries. In the ovarian development, transforming growth 
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factor P regulates steroidogenensis, maturation, ovulation and follicular (Kohli et al., 
2003). There are also evidences that transforming growth factor P stimulates final 
oocyte maturation in zebrafish (Wu et al., 2000) and regulate ovarian steroidogenesis 
in goldfish (Calp et al., 2003). 
In male, the expression of cystatin and transforming growth factor p in pituitary 
showed some significant changes, with a lower expression level in March but a higher 
expression level in January. 
Genes involved in signal transduction 
In adult male seabream, calmodulin, Ca /Calmodulin serine protein kinase， 
ATPase Ca^ "^  transporting, protein kinase C and calsyntenin had no difference in the 
male seabream and the expression levels are extremely low. 
Calmodulin, which serves as an intracellular Ca^ "^  receptor, especially in 
signaling pathways, is a small acidic protein present in all eukaryotic cells. In the 
signaling pathway, calmodulin regulates proliferation, motility and cell cycle 
？ + 
progression. It can also modulate the activity of Ca -ATPase and Ser/Thr protein 
kinases (Simao and Gomes, 2001). 
Hormones and hormone related proteins 
The hormones showed significant changes in different months in male seabream 
include chromogranin A, corticotropin releasing hormone binding protein, GTH-a, 
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GTHRHR, GH, GTHRH, PRL and POMC. Ependymin, thyroid hormone binding 
protein and PRL regulatory element binding had no significant differences in different 
months. In comparing the gene expression levels in cold period, chromogranin A， 
corticotropin releasing hormone binding protein, GTH-a, GTHRH, GTHRHR and 
POMC were highly expressed in January while GH was highly expressed in February. 
PRL had the lowest expression level among the four months. 
Genes involved in osmo-regulation and acid-base balance 
In male seabream, chloride channel CLC3，NaHCOs cotransporter, Na/K ATPase 
a and Na/K ATPase (3 expressed highest at January compare with the remaining three 
months. However, the relative expression levels of Na/K ATPase a and Na/K ATPase 
P mRNAs were higher than that of chloride channel CLC3 and NaHC03 
cotransporter. This might reflect the importance of Na/K ATPase family in the 
osmo-regulation. 
Genes involved in energy metabolism 
CCAAT/enhancer-binding protein (C/EBP) is a transcription factor with a 
bipartite DNA-binding domain at higher level in adipose, hepatic and placental tissues 
and at lower level in lung and small intestine (Birkenmeier et al., 1989). Many papers 
speculated that C/EBPa takes part in the regulation of energy balance in which some 
C/EBP isoforms stimulate the energy metabolic enzyme (Cardinaux and Magistretti, 
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1996). 
In long-term cold exposure, many compensatory mechanisms arouse and 
proliferation of mitochondria is one of these compensatory mechanisms, which is 
resulting in the increase in the number of mitochondria. Increasing mitochondria 
density is related with an increase in tissue-specific activity of cytochrome-c oxidase. 
In ectothermic organisms, inhibitory effect of low temperature on biochemical 
reactions causes increase in the COO expression no matter in COO-specific message 
or translation rates (Hardewig et al., 1999). On the other hand, cold response induces 
mitochondrial heat production in brown adipose tissue and also mitochondrial 
ATP-synthase, and calcium cycling (Lichtenbelt et al., 2003). 
In male seabream, C/EBP and cytochrome c oxidase I were expressed differently 
in cold period. The relative expressions of other genes had no different expression 
pattern in cold season. 
Genes involved in redox balance and antioxidative defense 
Similarly to female seabream, genes related to redox balance and antioxidative 
defense showed no significant difference in cold period in male seabream. The 
relative expression levels were also found to be low. 
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Table 5.1 Summary of the black seabream pituitary cDNA clones exhibiting 
significant differences in the different months. 
Month 1 ,3 , 7, 9,11 1 1 , 1 , 2 , 3 
Clone name Gene Female Male 
Housekeeping genes  
1250 28S ribosomal protein + -
3J73 Beta-actin + -
1Q39 Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) Normalization 
Stress proteins  
1S56 Heat shock protein 70 (HSP70) - -
3225 Hypoxia inducible factor a (HIF a ) + + 
3H34 Heat shock protein 90 a (HSP90 a ) + + 
3411 Heat shock protein 90 (3 (HSP 90 p) + + 
MT Metallothionein (MT) - -
Reproductive genes  
1T16 Cathepsin B - -
1040 Cystatin - + 
3117 Transforming growth factor (3 - + 
Genes involved in signal transduction  
3D85 Calmodulin - -
3D18 Ca^VCalmodulin serine protein kinase + -
3F19 ATPase Ca^ "^  transporting + -
3D43 Protein kinase C -
3116 Calsyntenin + -
Hormones and hormone related proteins  
3F05 Chromogranin A + + 
1P22 Ependymin - -
1249 Thyrotropin P + -
3E18 Thyroid hormone binding protein - -
1448 Gonadotropin a (GTH a ) + + 
1209 Gonadotropin P (GTH P) + -
3B06 Gonadotropin releasing hormone (GTHRH) - + 
3307 Gonadotropin releasing hormone receptor (GTHRHR) + + 
1319 Growth hormone (GH) + + 
1220 Somatolactin (SL) + -
1R62 Prolactin (PRL) + + 
3B18 PRL regulatory element binding - -
1436 Proopiomelanocortin (POMC) + + 
3G20 Corticotropin releasing hormone binding protein - + 
Genes involved in osmo-regulation and acid-base balance  
1S21 Chloride channel CLC3 + + 
3D13 NaHCOs cotransporter + + 
3F62 Na/K ATPase a + + 
1P13 Na/K ATPase (3 - + 
Genes involved in energy metabolism  
3A76 CCAAT/enhancer binding protein + + 
3B84 Cytochrome c oxidase I + + 
3A41 Glucose transporter lA + -
3G95 Mitochondrial ATP synthase a + -
3140 Lactate dehydrogenase a (LDH a ) + -
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3B97 Lactate dehydrogenase (3 (LDH (3) + -
Genes involved in redox balance and antioxidative defense  
1S84 1 cys peroxidase - -
1N50 Glutathione peroxidase 3 - -
I M l l Selenoprotein M - -
3H72 Selenoprotein P + -
1P96 Thioredoxin + -
3E92 Cystathionine p -synthase - -
3414 Ubiquitin - -
Negative  
Human cell line HJ60 - -
5.6 Conclusion 
In this study, we reveal that GH and SL show the different seasonal expression. 
The gene expressions of them are affected by the seasonal change factors including 
food abundance, temperature, day-length and more. The rise of GH at the beginning 
of spring may serve as a mediator of growth spurts for promotion of use of lipids and 
proteins for growth. On the other hand, the rise of SL at the beginning of autumn may 
act as a mediator of fasting to prepare for fat stores in cold season. However, the GSI 
% is high when the expression level of GH mRNA is high. This may implicate that 
the relationship of reproductive process and GH expression is more direct than that of 
SL expression and reproduction. More investigations need to find out the relationships. 
Genes found to be expressed seasonally from dot blot provide a lot of resources for 
in-depth studies on these genes. They also give the background information for the 
future environmental challenges experiments. 
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Chapter 6 General Discussion 
Accuracy of sequencing results 
Those 8 sequences were chosen from 2400 clones with b-actin matches, 2 
sequences with 16S ribosomal RNA gene matches and 2 sequences with Isolate As03 
D-loop, tRNA-Phe gene and 12S ribosomal RNA gene matches. Totally 4594 base 
pairs were aligned and the average accuracy of the sequence within the first 300 base 
pairs was over 98% (Table). The percentage of sequencing accuracy falls within the 
acceptable range showing reliable results of this project (Adams et al., 1991). 
Table 6.1 Accuracy assessment using clones which match with black seabream b-actin, 
16S ribosomal RNA gene and Isolate As03 D-loop, tRNA-Phe gene and 12S 
ribosomal RNA gene. 
Range of Number of base Number of base 16S ribosomal Number of base Isolate As03 D-loop, tRNA-Phe 
p-actin 
sequences (bp) pair counted pair counted RNA gene pair counted gene and 12S ribosomal RNA gene 
100 800 98.9% 200 99.5% 200 99.0% 
200 800 99.4% 200 99.8% 200 99.0% 
300 772 99.3% 200 99.8% 200 99.2% 
400 622 99.5% 200 99.7% 200 99.4% 
ESTs analysis of black seabream pituitary 
From the results of ESTs, we can find that the number of hormone clones found 
in the libraries follow this order: S L � P O M O GH. The numbers of GTH-a and 
GTH-P clones are rather low. This may indicate the expression levels of these 
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hormone genes in the black seabream pituitary in certain season periods. From the 
real time-PCR, the expression level of GH mRNA is higher than that of SL mRNA 
between June to November. During this period, the results of dot blot reveal that the 
order of expression levels of SL mRNA, POMC mRNA, GH mRNA, GTH-a mRNA 
and GTH-P mRNA is same as that of the results of ESTs. These may indicate that 
EST analysis is not only helpful in the gene discovery but the reliability in 
quantitative analysis is also quite high. However, it only works well when large 
number of clones has been analyzed. 
Seasonal analysis of hormone genes expression pattern 
Although the seasonal analysis of pituitary hormone genes was studied in 
gilthead seabream, the living environments of gilthead seabream and black seabream 
are different. Gilthead seabream is living in a Northern area whereas black seabream 
is living in a subtropical area. This has a different impact on the gene expression, thus, 
the seasonal analysis of gene expression in black seabream is still an important topic. 
In Southern-east Asia, it has a subtropical climate and the level of weather 
change is not so far apart. In Northern area, the weather is extremely cold and the 
river frost in winter. Fish living in such cold environment can secrete a protein called 
anti-freeze protein which has been postulated to retard ice crystal growth in organisms 
(Lin et al” 1999). It helps the polar fish to prevent any ice crystals growth in blood 
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when water temperature goes down to approximately 1�C below freezing point 
(Knight et al., 1984). However, this protein is not found in black seabream. This 
reflects that the value of seasonal gene expression analysis in different fish. 
To study seasonal change, percentage of gonadosomatic index (GSI %) was 
studied in 2003-2004. In both adult male and adult female black seabream, GSI % 
changes were similar. The difference occurred in November to January when the GSI 
% of male seabream decreased first and then rose in February. However, the GSI % of 
female seabream increased gradually from November to January and drops a bit in 
February. Generally speaking, the level of GSI % in both sexes between November 
and February was higher than that between March and May. The results implicated 
that spawning period of black seabream were around at the end of winter until the 
beginning of spring. 
The second thing is to observe the relationship of seasonal expression profiles of 
the pituitary hormone genes and GSI %. For examples, some reports suggested that 
GH mRNA and SL mRNA expression are related to the growth, reproductive 
maturation and development (Kaneko, 1996; Mingarro et al., 2002). 
By real time-PCR, we determined that there were obviously different expression 
trends in GH mRNA and SL mRNA in different months of the year. In adult female 
black seabream, the expression level of GH mRNA in winter and spring (December to 
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April) was higher than that in summer and autumn (May to November), while 
opposite was found for SL mRNA. Increasing trend of GSI % in winter and spring 
coincide the increasing trend of GH mRNA expression. From dot blot study, the 
expression level of GTH-a and GTH-P were obviously higher in March and July. 
These results implicated that GH expression promoted the use of lipids as metabolic 
fuel in the period of food abundance and increasing temperature. It might also be 
related to the growth of gonads for preparation of spawning, since GTH regulates the 
gonadal development. 
On the other hand, the expression of SL mRNA is higher in the summer and 
autumn which this period is not the spawning period. This may implicate that SL in 
black seabream may not relate to gonadal development and spawning. Some papers 
suggested that SL regulates the background adaptation. They showed that the SL 
mRNA level rose when fish was placed in dark environment without illumination 
(Zhu, et al., 1996). In our data, the SL mRNA level is higher in the period that has a 
long daylight period. However, further investigation is needed. 
It seems that the expression of PRL is not affected in different seasons. It may 
suggest that PRL is not related to the reproduction activity in black seabream. PRL 
may also not involve in the osmoregulation in black seabream since black seabream 
does not require a freshwater environment for living and we also will not find them in 
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freshwater in their whole life. However, it may not be jumped to the conclusion, as we 
still do not know the expression level of PRL mRNA of black seabream collected 
after heavy rainfall. It is because the rainfall can dilute the salinity of water and 
become a temporary freshwater environment. 
PRL was also suggested to be involved in immunostimulatory action to 
counteract some bad immunoregulatory signals e.g. stress, illness or energy imbalance 
(Goffin et al., 2002). Except HSP90p, other genes in the categories of stress proteins 
and genes involved in redox balance and antioxidant defense did not show any 
seasonal changes even their expression level is quite low in pituitary. Although the 
main secretory organs of these genes are not in the pituitary, this might certainly 
reflect the relationship of these genes and PRL under the stress response. 
In addition, PREB, a novel WD Motif DNA-binding protein regulating PRL 
promoter activity in the absence of Pit-1 (Fliss et al., 1999), had a low expression 
level in seabream pituitary throughout a year. This also explained the reason of a low 
expression profile of PRL mRNA level. 
No Pit'l transcription factor found in libraries 
One point should be emphasized is the absence of Pit-1 clone in the EST 
database. The POU transcription factor Pit-1 can activates the members of the 
PRL/GH gene gamily in endocrine cell types of anterior pituitary gland to regulate 
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growth, reproduction, metabolism and stress response. Pit-1 requires a C-terminal 
POU domain to interact with DNA-binding sites and the N terminal of Pit-1 
sequences is responsible for transactivation (Majumdar et al., 1996). There are many 
different factors suggested to be the negative regulator of Pit-1 e.g. the family of 
growth and differentiation factors including activins，inhibin and transforming growth 
factor p. The basic function of activin is to stimulate the FSH secretion and also exert 
effects on the non-FSH secreting cells (Struthers et al., 1992). Some papers have 
suggested that activin is a negative regulator of somatotroph function in anterior 
pituitary cells including GH biosynthesis and somatotroph proliferation (Bilezikjian et 
al., 1990; Billestrup et al” 1990). Its responses may also involve in the 
POU/homeodomain-containing transcription factors modulation since it plays 
important roles in the differentiation and development and these developmental events 
depend on the involvement of POU/homeodomain proteins in the target gene 
expression (Struthers et al., 1992). Since the hormone clones are dominant in the EST 
database and the number of clones (2400 clones) analyzed is not a huge number, the 
representation is not high for the low copy number of the genes for Pit-1. 
The other reason may be due to the unstable transcripts of Pit-1 in seabream 
pituitary. This may cause the reduction of number of copy number of genes in 
libraries. Some papers investigated that Pit-1 is and other gene-regulatory proteins are 
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needed together to control the transcription of PRL and GH in anterior pituitary cells 
(Gutierrez-Hartmann, 1994). One of them is CCAAT/enhancer binding protein a 
which acts together with Pit-1 on the promoters of the PRL and GH genes to control 
their transcription (Day et al., 2003). In the dot blot study, the expression level of 
CCAAT/enhancer binding protein is relatively low in the winter. The cDNA library is 
contructed by using seabream pituitary collected from autumn and winter. Therefore, 
this may suggest that the expression level of Pit-1 may also be at a low level. 
Moreover, the seasonal acclimation of the expression of the carp Pit-1 have been 
investigated (Kausel et al., 1998). They found that the expression of Pit-1 in 
warm-season-acclimatized carp is higher than that in cold-season-acclimatized carp 
(Kausel et al., 1999). This may explain the low expression level of Pit-1 in seabream 
pituiary. More experiments should be performed to find out the reasons. Degenerative 
primers of black seabream Pit-1 can be designed to find out its nucleotide sequence. 
Semiquantitative RT-PCR or Northern blot can be performed to determine the 
seasonal variation of seabream Pit-1 expression. 
Future perspectives 
With the genes found in the EST database, we have a handful of genes with 
various functions expressed in the black seabream pituitary for our gene expression 
studies. In the small scale array study, the seasonal expression pattern of the pituitary 
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genes chosen including stress genes, polypeptide hormones and their receptors 
providing background expression levels of these genes in black seabream from 
different seasons and environmental conditions. The information is useful for future 
studies as this can provide the basis for subsequent gene expression studies in 
different environmental conditions or under various stimuli at different months of the 
year in both sexes. 
On the other hand, this small-scale array study gives some technical information 
of our future tailor-made black seabream pituitary cDNA microarray study although 
they are different in the operation. In the cDNA microarray study, the number of 
genes to be studied will not be a problem due to the capability of spotting up to ten 
thousands of genes on a glass slide (Nuwaysir et al., 1999). Meanwhile, all of the 
pituitary genes including novel genes found in the black seabream pituitary cDNA 
libraries can be spotted on the microarray for large scale analysis simultaneously. 
Moreover, the fluorescent signal detection is fast and more sensitive. However, this 
rather complicated technique needs a long time to develop to get accurate results. The 
huge amount of results also needs a long time to analyze and validate. 
With the help of microarray technique, it enhances the sensitivity and 
interpretability of standard bioassays and may also reduce their costs (Nuwaysir et al., 
1999). The results of microarray provide the direction of choosing the standard 
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bioassays for further analysis of the results. The libraries used in this thesis could 
also be spotted for 30,000 or 40,000 clones to be investigated for different hormonal 
assay or stress study. 
Other than the seasonal study, the array study can also apply on many fields. The 
most popular study in fish is the toxicogenomics study. The gene expression profiling 
in toxicogenomics study facilitates a better understanding of mechanisms of toxicity 
and chemicals and also the identification of gene expression patterns in a deleterious 
environments (Fair and Dunn, 1999). At the same time, it also helps in identifying 
biomarkers of toxicity to predict potential hazardous substances and therapeutics 
(Fielden and Zacharewski, 2000). 
In conclusion, this study provides the gene expression profiling of black 
seabream pituitary from numerous ESTs found in the black seabream pituitary cDNA 
libraries. Thousands of ESTs are fruitful information for array study. By the miniarray 
study, gene expression pattern of both sexes in different months are also informative 
and useful for the comparison and analysis of gene expression in different 
environmental conditions, for example biomarkers identification and effects on the 
toxicants on seabream. Other than the global investigation, the accurate determination 
of GH family genes expression levels by real time-PCR provides more details on the 
seasonal change of hormone genes in seabream. All this information provides the 
162 




Adams, M. D.，Kelley, J. M., Gocayne, J. D., Dubnick, M.，Polymeropoulos, M. H., 
Xiao, H., Merril, C. R., Wu, A., Olde, B., Moreno, R. F. and et al. (1991). 
"Complementary DNA sequencing: expressed sequence tags and human genome 
project." Science 252(5013): 1651-6. 
Afonso，S.，Romagnano, L. and Babiarz, B. (1997). "The expression and function of 
cystatin C and cathepsin B and cathepsin L during mouse embryo implantation and 
placentation." Development 124(17): 3415-25. 
Agellon, L. B. and Chen, T. T. (1986). "Rainbow trout growth hormone: molecular 
cloning of cDNA and expression in Escherichia coli." Dna 5(6): 463-71. 
Ahn, K., Beningo, K., Olds, G. and Hupe, D. (1992). "The endothelin-converting 
enzyme from human umbilical vein is a membrane-bound metalloprotease similar to 
that from bovine aortic endothelial cells." Proc Natl Acad Sci U S A 89(18): 8606-10. 
Ahn, T. G，Cohn, D. V., Gorr, S. U.，Omstein, D. L.’ Kashdan, M. A. and Levine，M. 
A. (1987). "Primary structure of bovine pituitary secretory protein I (chromogranin A) 
deduced from the cDNA sequence." Proc Natl Acad Sci U S A 84(14): 5043-7. 
Altschul, S. R, Gish, W” Miller, W., Myers, E. W. and Lipman，D. J. (1990). "Basic 
local alignment search tool." J Mol Biol 215(3): 403-10. 
Andersen, B. and Rosenfeld, M. G. (1994). "Pit-1 determines cell types during 
development of the anterior pituitary gland. A model for transcriptional regulation of 
cell phenotypes in mammalian organogenesis." J Biol Chem 269(47): 29335-8. 
Arends, R. J.，van der Gaag, R., Martens, G. J., Wendelaar Bonga, S. E. and Flik, G. 
(1998). "Differential expression of two pro-opiomelanocortin mRNAs during 
temperature stress in common carp (Cyprinus carpio L.)." J Endocrinol 159(1): 85-91. 
Amer, E. S. and Holmgren, A. (2000). "Physiological functions of thioredoxin and 
thioredoxin reductase." Eur J Biochem 267(20): 6102-9. 
Arukwe, A. and Goksoyr, A. (2003). "Eggshell and egg yolk proteins in fish: hepatic 
164 
proteins for the next generation: oogenetic, population, and evolutionary implications 
of endocrine disruption." Comp Hepatol 2(1): 4. 
Azam, A., Paul, J., Sehgal, D.，Prasad, J., Bhattacharya, S. and Bhattacharya, A. 
(1996). "Identification of novel genes from Entamoeba histolytica by expressed 
sequence tag analysis." Gene 181(1-2): 113-6. 
Bagrosky, B., Lecaude, S., Danielson, P. B. and Dores, R. M. (2003). "Characterizing 
a proopiomelanocortin cDNA cloned from the brain of the Bichir, Polypterus 
senegalus: evaluating phylogenetic relationships among ray-finned fish." Gen Comp 
Endocrinol 134(3): 339-46. 
Bamett, R, Bottger, G, Klein, A. T.，Tabak, H. F. and Distel, B. (2000). "The 
peroxisomal membrane protein Pexl3p shows a novel mode of SH3 interaction." 
EmboJ 19(23): 6382-91. 
Barron, M. G. (1986). "Endocrine control of smoltification in anadromous salmonids." 
J Endocrinol 108(2): 313-9. 
Bauerfeind, R.，David, C. and De Camilli, P. (1995). "Amphiphysin, a nerve-terminal 
protein with a putative function in synaptic vesicle endocytosis, is dephosphorylated 
upon stimulation of neurotransmitter release." Mol Biol Cell 6 (suppl): 405a. 
Behan, D. P., Heinrichs, S. C., Troncoso，J. C.，Liu, X. J.，Kawas，C. H.，Ling, N. and 
De Souza，E. B. (1995). "Displacement of corticotropin releasing factor from its 
binding protein as a possible treatment for Alzheimer's disease." Nature 378(6554): 
284-7. 
Bhandari, R. K., Taniyama, S” Kitahashi, T.’ Ando, H., Yamauchi, K., Zohar, Y., Ueda, 
H. and Urano, A. (2003). "Seasonal changes of responses to gonadotropin-releasing 
hormone analog in expression of growth hormone/prolactin/somatolactin genes in the 
pituitary of masu salmon." Gen Comp Endocrinol 130(1): 55-63. 
Bilezikjian, L. M.，Corrigan，A. Z. and Vale, W. (1990). "Activin-A modulates growth 
hormone secretion from cultures of rat anterior pituitary cells." Endocrinology 126(5): 
2369-76. 
Billestrup, N., Gonzalez-Manchon, C., Potter, E. and Vale，W. (1990). "Inhibition of 
165 
somatotroph growth and growth hormone biosynthesis by activin in vitro." Mol 
Endocrinol 4(2): 356-62. 
Boguski, M. S. and Schuler, G. D. (1995). "ESTablishing a human transcript map." 
Nat Genet 10(4): 369-71. 
Brelje, T. C., Allaire, P., Hegre, O. and Sorenson, R. L. (1989). "Effect of prolactin 
versus growth hormone on islet function and the importance of using homologous 
mammosomatotropic hormones." Endocrinology 125(5): 2392-9. 
Calduch-Giner, J. A., Pendon，C.，Valdivia, M. M. and Perez-Sanchez, J. (1998). 
"Recombinant somatolactin as a stable and bioactive protein in a cell culture bioassay: 
development and validation of a sensitive and reproducible radioimmunoassay. ” J 
Endocrinol 156(3): 441-7. 
Calp, M. K., Matsumoto, J. A. and Kraak, G. V. D. (2003). "Activin and transforming 
growth factor-b as local regulators of ovarian steroidogenesis in the goldfish." Gen 
Comp Endocrinol 132: 142-50. 
Cao, D., Kocabas，A., Ju, Z., Karsi, A., Li, P., Patterson, A. and Liu, Z. (2001). 
"Transcriptome of channel catfish (Ictalurus pimctatus): initial analysis of genes and 
expression profiles of the head kidney." Anim Genet 32(4): 169-88. 
Cardinaus, J. R. and Magistretti, P. J. (1996). "Vasoactive intestinal peptide, pituitary 
adenylate cyclase-activating peptide, and noradrenaline induce the transcription 
factors CCAAT/enhancer binding protein (C/EBP)-b and C/EBPg in mouse cortical 
astrocytes: involvement in cAMP-regulated glycogen metabolism." J Neurosci 16 (3): 
919-29. 
Cavari, B” Noso, T. and Kawauchi, H. (1995). "Somatolactin, a novel pituitary 
protein: isolation and characterization from Spams aurata." Mol Mar Biol Biotechnol 
4(2): 117-22. 
Chang, C. F.，Lee, M. F. and Chen, G. R. (1994). "Estradiol-17b associated with the 
sex reversal in protandrous black porgy, Acanthopagrus schlegeli." J Exp Zool 268: 
53-8. 
Chang, C. F. and Lin, B. Y. (1998). "Estradiol-17b stimulates aromatase activity and 
166 
reversible sex change in protandrous black porgy，Acanthopagrus schlegeli." J Exp 
Zool 280(2): 165-73. 
Chang, C. R, Lin, B. Y.’ Lau, E. L., Lee, M. F.，Yueh, W. S., Lee, Y. H., Chang, C. N.， 
Huang, J. D.，Tacon, P., Lee, F. Y., Du, J. L. and Sun, L. T. (1997). "The endocrine 
mechanism of sex reversal in the protandrous black porgy, Acanthopagrus schlegeli: a 
review." Chin J Physiol 40(4): 197-205. 
Chang, Y. S., Huang, C. J., Huang, F. L. and Lo，T. B. (1988). "Primary structures of 
carp gonadotropin subunits deduced from cDNA nucleotide sequences." Int J Pept 
Protein Res 32(6): 556-64. 
Chang, Y. S.，Huang, F. L. and Lo, T. B. (1992). "Isolation and sequence analysis of 
carp gonadotropin beta-subunit gene." Mol Mar Biol Biotechnol 1(2): 97-105. 
Chao, S. C., Pan, R M. and Chang, W. C. (1989). "Purification of carp growth 
hormone and cloning of the complementary DNA." Biochim Biophys Acta 1007(2): 
233-6. 
Cohn, D. V. and MacGregor, R. R. (1981). "The biosynthesis, intracellular processing, 
and secretion of parathormone." Endocr Rev 2(1): 1-26. 
Company, R., Calduch-Giner, J. A., Mingarro, M. and Perez-Sanchez, J. (2000). 
"CDNA cloning and sequence of European sea bass (Dicentrarchus labrax) 
somatolactin." Comp Biochem Physiol B Biochem Mol Biol 127(2): 183-92. 
Davey, G. C., Caplice, N. C.，Martin, S. A. and Powell, R. (2001). "A survey of genes 
in the Atlantic salmon (Salmo salar) as identified by expressed sequence tags." Gene 
263(1-2): 121-30. 
David, C., McPherson, P. S.’ Mundigl, O. and de Camilli, P. (1996). "A role of 
amphiphysin in synaptic vesicle endocytosis suggested by its binding to dynamin in 
nerve terminals." Proc Natl Acad Sci U S A 93(1): 331-5. 
David, C.，Solimena, M. and De Camilli, P. (1994). "Autoimmunity in stiff-Man 
syndrome with breast cancer is targeted to the C-terminal region of human 
amphiphysin, a protein similar to the yeast proteins, Rvsl67 and Rvsl61." FEES Lett 
351(1): 73-9. 
167 
Day, R. N.，Voss，TY. C.’ Enwright, J. F.，Booker, C.F., Periasamy, Ammasi and 
Schaufele, Fred. (2003). "Imaging the localized protein interactions between Pit-1 and 
the CCAAT/enhancer binding protein a in the living pituitary cell nucleus. ” Mol 
Endocrinol 17(3): 333-45. 
Dickhoff, W. W., Beckman, B. R.，Larsen, D. A., Duan, C. and Moriyama, S. (1997). 
"The role of growth in endocrine regulation of salmon smoltification." Fish Physiol 
Biochem 17: 231-36. 
Dietz, T. J. and Somero, G. N. (1992). "The threshold induction temperature of the 
90-kDa heat shock protein is subject to acclimatization in eurythermal goby fishes 
(genus Gillichthys)." Proc Natl Acad Sci U S A 89(8): 3389-93. 
Distel，B., Erdmann, R., Gould, S. J., Blobel, G, Crane, D. I., Cregg, J. M” Dodt, G, 
Fujiki, Y., Goodman, J. M.，Just, W. W., Kiel, J. A , Kunau, W. H.，Lazarow, P. B.， 
Mannaerts, G. P., Moser, H. W., Osumi, T., Rachubinski, R. A., Roscher, A., 
Subramani, S., Tabak, H. R, Tsukamoto, T.，Valle, D., van der Klei, 1” van Veldhoven, 
P. P. and Veenhuis, M. (1996). "A unified nomenclature for peroxisome biogenesis 
factors." J Cell Biol 135(1): 1-3. 
Du, J. L., Lee, C. Y., Tacon, P., Lee, Y. H.’ Yen, F. P., Tanaka, H.’ Dufour, S. and 
Chang, C. R (2001). "Estradiol-17b stimulates gonadotropin II expression and release 
in the protandrous male black porgy Acanthopagrus schlegeli bleeker: a possible role 
in sex change." Gen Comp Endocrinol 121: 135-45. 
Dunn, A. J. and Berridge, C. W. (1990). "Physiological and behavioral responses to 
corticotropin-releasing factor administration: is CRF a mediator of anxiety or stress 
responses?" Brain Res Brain Res Rev 15(2): 71-100. 
Dunn, J. F. (1987). "Low-temperature adaptation of oxidative energy production in 
cold-water fishes." Can J Zool 66: 1098-104. 
Elizur, A., Zmora, N., Rosenfeld, H., Meiri, I.，Hassin, S., Gordin, H. and Zohar, Y. 
(1996). "Gonadotropins beta-GtHI and beta-GtHII from the gilthead seabream, Sparus 
aurata." Gen Comp Endocrinol 102(1): 39-46. 
Emahazion, T., Jobs, M.，Howell, W. M., Siegfried, M.，Wyoni, P. I.，Prince, J. A. and 
Brookes, A. J. (1999). "Identification of 167 polymorphisms in 88 genes from 
168 
candidate neurodegeneration pathways." Gene 238(2): 315-24. 
Eriksson, A., Tohonen, V.，Wedell, A. and Nordqvist, K. (2002). "Isolation of the 
human testatin gene and analysis in patients with abnormal gonadal development." 
Mol Hum Reprod 8(1): 8-15. 
Ermolaeva, O.，Rastogi, M.，Pruitt, K. D., Schuler, G D.，Bittner, M. L., Chen, Y., 
Simon, R.，Meltzer, P., Trent, J. M. and Boguski, M. S. (1998). "Data management 
and analysis for gene expression arrays." Nat Genet 20(1): 19-23. 
Esnard, A., Esnard, R, Guillou, F. and Gauthier, F. (1992). "Production of the cysteine 
proteinase inhibitor cystatin C by rat Sertoli cells." FEES Lett 300(2): 131-5. 
Fan, S. and Dunn, R. T.，2nd (1999). "Concise review: gene expression applied to 
toxicology." Toxicol Sci 50(1): 1-9. 
Fielden, M. R. and Zacharewski, T. R. (2001). "Challenges and limitations of gene 
expression profiling in mechanistic and predictive toxicology." Toxicol Sci 60(1): 
6-10. 
Fields, P. A. and Houseman, D. E. (2004). "Decreases in Activation Energy and 
Substrate Affinity in Cold Adapted A4-Lactate Dehydrogenase: Evidence from the 
Antarctic Notothenioid Fish Chaenocephalus Aceratus." Mol Biol Evol. 
Figueroa, J” Molina, A., Alvarez, M.’ Villanueva, J., Reyes, A” Leon, G. and 
Krauskopf, M. (1994). "Prolactin gene expression and changes of prolactin pituitary 
level during the seasonal acclimatization of the carp." Comp Biochem Physiol 
Biochem Mol Biol 108(4): 551-60. 
Figueroa, J., Reyes, A.，Rios, M., Vera, M. I. and Krauskopf, M. (1997). "Effect of 
temperature and photoperiod on prolactin transcription in Cyprinus carpio." Zool Sci 
14(2): 353-57. 
Fliss, M. S., Hinkle, P. M. and Bancroft, C. (1999). "Expression cloning and 
characterization of PREB (prolactin regulatory element binding), a novel WD motif 
DNA-binding protein with a capacity to regulate prolactin promoter activity." Mol 
Endocrinol 13(4): 644-57. 
169 
Funkenstein, B.’ Chen, T. T., Powers, D. A. and Cavari, B. (1991). "Cloning and 
sequencing of the gilthead seabream (Spams aurata) growth hormone-encoding 
cDNA." Gene 103(2): 243-7. 
Galindo, E., Rill, A., Bader, M. F. and Aunis, D. (1991). "Chromostatin, a 20-amino 
acid peptide derived from chromogranin A, inhibits chromaffin cell secretion." Proc 
Natl Acad Sci U S A 88(4): 1426-30. 
Gen, K., Maruyama, O.’ Kato, T., Tomizawa, K.’ Wakabayashi, K. and Kato, Y. 
(1993). "Molecular cloning of cDNAs encoding two types of gonadotrophin alpha 
subunit from the masu salmon, Oncorhynchus masou: construction of specific 
oligonucleotides for the alpha 1 and alpha 2 subunits." J Mol Endocrinol 11(3): 
265-73. 
Gen, K., Okuzawa, K., Senthilkumaran, B.’ Tanaka, H., Moriyama, S. and Kagawa, H. 
(2000). "Unique expression of gonadotropin-I and -II subunit genes in male and 
female red seabream (Pagrus major) during sexual maturation." Biol Reprod 63(1): 
308-19. 
Gharib, S. D., Wierman, M. E.，Shupnik, M. A. and Chin, W. W. (1990). "Molecular 
biology of the pituitary gonadotropins." Endocr Rev 11(1): 177-99. 
Godine, J. E” Chin, W. W. and Habener, J. F. (1982). "alpha Subunit of rat pituitary 
glycoprotein hormones. Primary structure of the precursor determined from the 
nucleotide sequence of cloned cDNAs." J Biol Chem 257(14): 8368-71. 
Goffin, v., Binart, N., Touraine, P. and Kelly, P. A. (2002). "Prolactin: the new biology 
of an old hormone." Annu Rev Physiol 64: 47-67. 
Goldspink, G. (1995). "Adaptation of fish to different environmental temperature by 
qualitative and quantitative changes in gene expression." J Therm Biol 20: 167-74. 
Gonzalez-Nunez, V., Gonzalez-Sarmiento, R. and Rodriguez, R. E. (2003). 
"Identification of two proopiomelanocortin genes in zebrafish (Danio rerio)." Brain 
Res Mol Brain Res 120(1): 1-8. 
Gutierrez-Haitmann A. (1994). "INSIGHT: Pit-l/GHF-1: a pituitary-specific 
transcription factor linking general signaling pathways to cell-specific gene 
170 
expression." Mol Endocrinol 8: 1447-9. 
Hadley, M. E. (1992). Endocrinology. Englewood Cliffs, N.J., Prentice Hall: 1-12. 
Hansen, I. A., To, T. T.，Wortmann, S., Burmester, T., Winkler, C., Meyer, S. R., 
Neuner, C.，Fassnacht, M. and Allolio, B. (2003). "The proopiomelanocortin gene of 
the zebrafish (Danio rerio)." Biochem Biophys Res Commun 303(4): 1121-8. 
Hardewig, I.，van Dijk, P. L.，Moyes, C. D. and Portner, H. O. (1999). 
"Temperature-dependent expression of cytochrome-c oxidase in Antarctic and 
temperate fish." Am J Physiol 277(2 Pt 2): R508-16. 
Hassin, S., Elizur, A. and Zohar, Y. (1995). "Molecular cloning and sequence analysis 
of striped bass (Morone saxatilis) gonadotrophin-I and -II subunits." J Mol Endocrinol 
15(1): 23-35. 
Hintsch，G, Zurlinden, A., Meskenaite, V.，Steuble, M” Fink-Widmer, K., Kinter, J. 
and Sonderegger, P. (2002). "The calsyntenins-a family of postsynaptic membrane 
proteins with distinct neuronal expression patterns." Mol Cell Neurosci 21(3): 
393-409. 
Hishiki, T.，Kawamoto, S.，Morishita, S. and Okubo, K. (2000). "BodyMap: a human 
and mouse gene expression database." Nucleic Acids Res 28(1): 136-8. 
Ho, W. K., Tsang, W. H. and Dias，N. P. (1989). "Cloning of the grass carp growth 
hormone cDNA." Biochem Biophys Res Commun 161(3): 1239-43. 
Hofte, H., Desprez, T., Amselem, J., Chiapello, H.，Rouze, P., Caboche, M., Moisan, 
A., Jourjon, M. F.’ Charpenteau, J. L.’ Berthomieu, P. and et al. (1993). "An inventory 
of 1152 expressed sequence tags obtained by partial sequencing of cDNAs from 
Arabidopsis thaliana." Plant J 4(6): 1051-61. 
Huang, C. J., Huang, F. L., Wang, Y. C., Chang, Y. S. and Lo, T. B. (1992). 
"Organization and nucleotide sequence of carp gonadotropin alpha subunit genes." 
Biochim Biophys Acta 1129(2): 239-42. 
Iraqi, R, Gong, Z.，Hew, C. L. and Crim, L. (1993). "Isolation and characterization of 
somatolactin genes from two cold water marine teleosts, lumpfish (Cyclopterus 
171 
lumpus) and halibut (Hippoglossus hippoglossus)." Mol Mar Biol Biotechnol 2(2): 
96-103. 
Jameson, L.，Chin, W. W., Hollenberg, A. N.，Chang, A. S. and Habener, J. F. (1984). 
"The gene encoding the beta-subunit of rat luteinizing hormone. Analysis of gene 
structure and evolution of nucleotide sequence." J Biol Chem 259(24): 15474-80. 
Janz, D. M. (2000). The laboratory fish: Endocrine system. San Diego, Academic 
Press. 
Johnson, L. L., Norberg, B.，Willis, M. L.，Zebroski, H. and Swanson, P. (1997). 
"Isolation, characterization, and radioimmunoassay of Atlantic halibut somatolactin 
and plasma levels during stress and reproduction in flatfish." Gen Comp Endocrinol 
105(2): 194-209. 
Ju, Z.，Dunham, R. A. and Liu, Z. (2002). "Differential gene expression in the brain of 
channel catfish (Ictalurus punctatus) in response to cold acclimation." Mol Genet 
Genomics 268(1): 87-95. 
Ju, Z.，Karsi, A” Kocabas, A.，Patterson, A” Li, P., Cao, D.，Dunham, R. and Liu, Z. 
(2000). "Transcriptome analysis of channel catfish (Ictalurus punctatus): genes and 
expression profile from the brain." Gene 261(2): 373-82. 
Jung, H. W., La, S. J., Kim, J. Y., Heo, S. K•’ Kim, J. Y.，Wang, S., Kim, K. K., Lee, K. 
M., Cho，H. R.，Lee, H. W., Kwon, B.，Kim, B. S. and Kwon, B. S. (2003). "High 
levels of soluble herpes virus entry mediator in sera of patients with allergic and 
autoimmune diseases." Exp Mol Med 35(6): 501-8. 
Kakizawa, S., Kaneko, T., Hasegawa, S. and Hirano, T. (1993). "Activation of 
somatolactin cells in the pituitary of the rainbow trout Oncorhynchus mykiss by low 
environmental calcium." Gen Comp Endocrinol 91(3): 298-306. 
Kakizawa, S” Kaneko, T., Hasegawa, S. and Hirano, T. (1995). "Effects of feeding, 
fasting, background adaptation, acute stress, and exhaustive exercise on the plasma 
somatolactin concentrations in rainbow trout." Gen Comp Endocrinol 98(2): 137-46. 
Kakizawa, S., Kaneko, T. and Hirano, T. (1996). "Elevation of plasma somatolactin 
concentrations during acidosis in rainbow trout (Oncorhynchus mykiss)." J Exp Biol 
172 
199(Pt 5): 1043-51. 
Kaneko, T. (1996). "Cell biology of somatolactin." Int Rev Cytol 169: 1-24. 
Kaneko, T. and Hirano, T. (1993). "Role of prolactin and somatolactin in calcium 
regulation in fish." J Exp Biol 184: 31-45. 
Karolyi, I. J., Burrows, H. L.，Ramesh, T. M.，Nakajima, M.，Lesh, J. S., Seong, E.， 
Camper, S. A. and Seasholtz, A. F. (1999). "Altered anxiety and weight gain in 
corticotropin-releasing hormone-binding protein-deficient mice." Proc Natl Acad Sci 
USA96(20): 11595-600. 
Karpichev, I. V., Luo, Y., Marians, R. C. and Small, G. M. (1997). "A complex 
containing two transcription factors regulates peroxisome proliferation and the 
coordinate induction of beta-oxidation enzymes in Saccharomyces cerevisiae." Mol 
Cell Biol 17(1): 69-80. 
Karsi, A., Cao, D.，Li, P., Patterson, A., Kocabas，A., Feng, J.，Ju, Z.’ Mickett, K. D. 
and Liu, Z. (2002). "Transcriptome analysis of channel catfish (Ictalurus punctatus): 
initial analysis of gene expression and microsatellite-containing cDNAs in the skin." 
Gene 285(1-2): 157-68. 
Karsi, A., Li, P., Dunham, R. A. and Liu, Z. J. (1998). "Transcriptional activities in the 
pituitaries of channel catfish before and after induced ovulation by injection of carp 
pituitary extract as revealed by expressed sequence tag analysis." J Mol Endocrinol 
21(2): 121-9. 
Kato, Y., Gen, K.’ Maruyama, O., Tomizawa, K. and Kato, T. (1993). "Molecular 
cloning of cDNAs encoding two gonadotrophin beta subunits (GTH-I beta and -II 
beta) from the masu salmon, Oncorhynchus masou: rapid divergence of the GTH-I 
beta gene." J Mol Endocrinol 11(3): 275-82. 
Kausel, G.，Vera, M. I., Figueroa, J., Hernandez, J., San Martin, R., Molina, A., 
Chavez, V. M.’ Muller, M.，Martial, J. and Krauskopf, M. (1998). "Effect of seasonal 
acclimatization on the expression of the carp transcription factor Pit-1. “ Biochem 
Mol Biol Int 45(4): 813-21. 
Kausel, G.，Vera, M. I.，San Martin, R.，Figueroa, J., Molina, A., Muller, M., Martial, J. 
173 
and Krauskopf, M. (1999). "Transcription factor pit-1 expression is modulated upon 
seasonal acclimatization of eurythermal ectotherais: identification of two pit-1 genes 
in the carp." J Cell Biochem 75(4): 598-609. 
Kelly, S. P.，Chow, I. N. K. and Woo, N. Y. S. (1999A). "Alterations in 
Na+-K+-ATPase activity and gill chloride cell morphometries of juvenile black 
seabream (Mylio macrocephalus) in response to salinity and ration size." Aquaculture 
172:351-367. 
Kelly, S. R, Chow, I. N. K. and Woo, N. Y. S. (1999B). "Haloplasticity of Black 
Seabream (Mylio macrocephalus): Hypersaline to Freshwater Acclimation." J Exp 
Zool 283:226-241. 
Kenny, D. A., Jurata, L. W., Saga, Y. and Gill, G. N. (1998). "Identification and 
characterization of LM04, an LMO gene with a novel pattern of expression during 
embryogenesis." Proc Natl Acad Sci U S A 95(19): 11257-62. 
Klausen, C., Chang, J. R and Habibi, H. R. (2001). "The effect of 
gonadotropin-releasing hormone on growth hormone and gonadotropin subunit gene 
expression in the pituitary of goldfish, Carassius auratus." Comp Biochem Physiol B 
Biochem Mol Biol 129(2-3): 511-6. 
Klausen, C.，Chang, J. P. and Habibi, H. R. (2002). "Time- and dose-related effects of 
gonadotropin-releasing hormone on growth hormone and gonadotropin subunit gene 
expression in the goldfish pituitary." Can J Physiol Pharmacol 80(9): 915-24. 
Knight, C. A., DeVries, A. L. and Oolman, L. D. (1984). "Fish antifreeze protein and 
the freezing and recrystallization of ice." Nature 308(5956): 295-6. 
Ko, C.，Grieshaber, N. A., Ji, I. and Ji, T. H. (2003). "Follicle-stimulating hormone 
suppresses cytosolic 3,5,3'-triiodothyronine-binding protein messenger ribonucleic 
acid expression in rat granulosa cells." Endocrinology 144(6): 2360-7. 
Kocabas, A. M., Li, P., Cao, D., Karsi, A., He, C.，Patterson, A., Ju, Z., Dunham, R. A. 
and Liu, Z. (2002). "Expression profile of the channel catfish spleen: analysis of 
genes involved in immune functions." Mar Biotechnol (NY) 4(6): 526-36. 
Kohli, G, Hu, S., Clelland, E.，Muccio, T. D., Rothenstein, J. and Peng, C. (2003). 
174 
"Cloning of transforming growth factor-bl (TGF-bl) and its type II receptor from 
zebrafish ovary and role of TGF-bl in oocyte maturation." Endocrinology 144 (5): 
1931-41. 
Koob, G. F. and Bloom, F. E. (1985). "Corticotropin-releasing factor and behavior." 
Fed Proc 44(1 Pt 2): 259-63. 
Lee, Y. H.，Du, J. L., Yueh, W. S., Lin, B. Y.，Huang, J. D., Lee, C. Y.，Lee, M. R，Lau, 
E. L., Lee, F. Y., Morrey, C., Nagahama, Y. and Chang, C. F. (2001). "Sex change in 
the protandrous black porgy, Acanthopagrus schlegeli: a review in gonadal 
development, estradiol, estrogen receptor, aromatase activity and gonadotropin." J 
Exp Zool 290(7): 715-26. 
Li, M. D. and Ford, J. J. (1998). "A comprehensive evolutionary analysis based on 
nucleotide and amino acid sequences of the alpha- and beta-subimits of glycoprotein 
hormone gene family." J Endocrinol 156(3): 529-42. 
Lichte, B., Veh, R. W.，Meyer, H. E. and Kilimann, M. W. (1992). "Amphiphysin, a 
novel protein associated with synaptic vesicles." Embo J 11(7): 2521-30. 
Lin, Q., Ewart, K. V., Yang, D. S. and Hew, C. L. (1999). "Studies of a putative 
ice-binding motif in winter flounder skin-type anti-freeze polypeptide." FEBS Lett 
453(3): 331-4. 
Liu, Z., Karsi，A. and Dunham, R. A. (1999). "Development of Polymorphic EST 
Markers Suitable for Genetic Linkage Mapping of Catfish." 1 (5): 437-0447. 
Lu, M., Swanson，P. and Renfro, J. L. (1995). "Effect of somatolactin and related 
hormones on phosphate transport by flounder renal tubule primary cultures." Am J 
Physiol 268(3 Pt 2): R577-82. 
Majumdar, S.，Irwin, D. M. and Elsholtz, H. P. (1996). "Selective constraints on the 
activation domain of transcription factor Pit-1." Proc Natl Acad Sci U S A 93(19): 
10256-61. 
Masatsugu, K.，Itoh，H., Chun, T. H.，Saito, T., Yamashita, J., Doi, K., Inoue, M.， 
Sawada，N.，Fukunaga, Y., Sakaguchi, S.，Sone, M., Yamahara，K.，Yurugi, T. and 
Nakao, K. (2003). "Shear stress attenuates endothelin and endothelin-converting 
175 
enzyme expression through oxidative stress." Regul Pept 111(1-3): 13-9. 
Maurer, R. A. (1987). "Molecular cloning and nucleotide sequence analysis of 
complementary deoxyribonucleic acid for the beta-subunit of rat follicle stimulating 
hormone." Mol Endocrinol 1(10): 717-23. 
Mauri, D. N., Ebner, R.，Montgomery, R. I., Kochel, K. D.，Cheung, T. C.，Yu, G L., 
Ruben, S.，Murphy, M.，Eisenberg, R. J., Cohen, G. H., Spear, P. G. and Ware, C. F. 
(1998). "LIGHT, a new member of the TNF superfamily, and lymphotoxin alpha are 
ligands for herpesvirus entry mediator." Immunity 8(1): 21-30. 
May, D., Todd, C. M. and Rand-Weaver, M. (1997). "cDNA cloning of eel (Anguilla 
anguilla) somatolactin." Gene 188(1): 63-7. 
McGinnis, S. and Madden, T. L. (2004). "BLAST: at the core of a powerful and 
diverse set of sequence analysis tools." Nucleic Acids Res 32(Web Server issue): 
W20-5. 
Mekhedov, S., de Ilarduya, O. M. and Ohlrogge, J. (2000). "Toward a functional 
catalog of the plant genome. A survey of genes for lipid biosynthesis." Plant Physiol 
122(2): 389-402. 
Mingarro, M., Vega-Rubin de Celis, S., Astola, A.，Pendon, C.，Valdivia, M. M. and 
Perez-Sanchez, J. (2002). "Endocrine mediators of seasonal growth in gilthead sea 
bream (Spams aurata): the growth hormone and somatolactin paradigm." Gen Comp 
Endocrinol 128(2): 102-11. 
Moch, H., Schraml, R, Bubendorf, L.，Mirlacher, M., Kononen, J., Gasser, T., 
Mihatsch, M. J., Kallioniemi, O. P. and Sauter，G. (1999). "High-throughput tissue 
microarray analysis to evaluate genes uncovered by cDNA microarray screening in 
renal cell carcinoma." Am J Pathol 154(4): 981-6. 
Molina, A., Corta, A., Martin, R. S., Alvarez, M., Burzio, L. O.’ Krauskopf, M. and 
Vera, M. I. (2002). "Gene structure of the carp fish ribosomal protein L41: seasonally 
regulated expression." Biochem Biophys Res Commun 295(3): 582-6. 
Momota, H.，Kosugi，R.，Ohgai, H., Hara, A. and Ishioka, H. (1988). "Amino acid 
sequence of flounder growth hormone deduced from a cDNA sequence." Nucleic 
176 
Acids Res 16(21): 10362. 
Montgomery, R. I.，Warner, M. S., Lum, B. J. and Spear, P. G. (1996). "Herpes 
simplex virus-1 entry into cells mediated by a novel member of the TNF/NGF 
receptor family." Cell 87(3): 427-36. 
Morel, Y., Schiano de Colella, J. M.’ Harrop, J., Deen, K. C.’ Holmes, S. D.，Wattam, 
T. A., Khandekar, S. S., Truneh, A., Sweet, R. W., Gastaut, J. A., Olive, D. and 
Costello, R. T. (2000). "Reciprocal expression of the TNF family receptor herpes 
virus entry mediator and its ligand LIGHT on activated T cells: LIGHT 
down-regulates its own receptor." J Immunol 165(8): 4397-404. 
Moyle, P. B. and Cech, J. J. (2000). Fish an introduction to ichthyology. U.S.A., 
Prentice Hall: 72-96. 
Munn, A. L.，Stevenson, B. J., Geli, M. I. and Riezman, H. (1995). "end5, end6, and 
end?: mutations that cause actin delocalization and block the internalization step of 
endocytosis in Saccharomyces cerevisiae." Mol Biol Cell 6(12): 1721-42. 
Nicoll, C. S., Steiny, S. S., King, D. S., Nishioka, R. S.，Mayer, G. L., Eberhardt, N. L.， 
Baxter, J. D.，Yamanaka, M. K.，Miller, J. A.，Seilhamer，J. J. and et al. (1987). "The 
primary structure of coho salmon growth hormone and its cDNA." Gen Comp 
Endocrinol 68(3): 387-99. 
Nuwaysir, E. R, Bittner, M.，Trent, J.，Barrett, J. C. and Afshari, C. A. (1999). 
"Microarrays and toxicology: the advent of toxicogenomics." Mol Carcinog 24(3): 
153-9. 
Okimura, Y., Howard, P. W. and Maurer, R. A. (1994). "Pit-1 binding sites mediate 
transcriptional responses to cyclic adenosine 3',5'-monophosphate through a 
mechanism that does not require inducible phosphorylation of Pit-1." Mol Endocrinol 
8(11): 1559-65. 
Olivereau, M. and Rand-Weaver, M. (1994). "Immunocytochemical study of the 
somatolactin cells in the pituitary of Pacific salmon, Oncorhynchus nerka, and O keta 
at some stages of the reproductive cycle." Gen Comp Endocrinol 93(1): 28-35. 
Ono, M., Takayama, Y.，Rand-Weaver, M., Sakata, S.，Yasunaga, T., Noso, T. and 
177 
Kawauchi, H. (1990). "cDNA cloning of somatolactin, a pituitary protein related to 
growth hormone and prolactin." Proc Natl Acad Sci U S A 87(11): 4330-4. 
Owens, M. J. and Nemeroff, C. B. (1991). "Physiology and pharmacology of 
corticotropin-releasing factor." Pharmacol Rev 43(4): 425-73. 
Pertsemlidis, A. and Fondon, J. W., 3rd (2001). "Having a BLAST with 
bioinformatics (and avoiding BLASTphemy)." Genome Biol 2(10): REVIEWS2002. 
Pierce, J. G. and Parsons, T. F. (1981). "Glycoprotein hormones: structure and 
function." Annu Rev Biochem 50: 465-95. 
Planas, J. V.，Swanson, P., Rand-Weaver, M. and Dickhoff, W. W. (1992). 
"Somatolactin stimulates in vitro gonadal steroidogenesis in coho salmon, 
Oncorhynchus kisutch." Gen Comp Endocrinol 87(1): 1-5. 
Potter, E.，Behan, D. P., Linton, E. A., Lowry, P. J.，Sawchenko, P. E. and Vale, W. W. 
(1992). "The central distribution of a corticotropin-releasing factor (CRF)-binding 
protein predicts multiple sites and modes of interaction with CRF." Proc Natl Acad 
SciUSA89(9): 4192-6. 
Powers, D. A. (1989). "Fish as model systems." Science 246(4928): 352-8. 
Querat, B., Moumni, M., Jutisz，M., Fontaine, Y. A. and Coimis, R. (1990). 
"Molecular cloning and sequence analysis of the cDNA for the putative beta subunit 
of the type-II gonadotrophin from the European eel." J Mol Endocrinol 4(3): 257-64. 
Rand-Weaver, M., Noso, T. and Kawauchi, H. (1991). "The complete amino acid 
sequences of two variants of growth hormone from Atlantic cod (Gadus morhua)." 
Gen Comp Endocrinol 81(1): 39-50. 
Rand-Weaver, M., Pottinger, T. G. and Sumpter, J. P. (1993). "Plasma somatolactin 
concentrations in salmonid fish are elevated by stress." J Endocrinol 138(3): 509-15. 
Rand-Weaver, M., Pottinger, T. G. and Sumpter, J. P. (1995). "Pronounced seasonal 
rhythms in plasma somatolactin levels in rainbow trout." J Endocrinol 146(1): 113-9. 
Rand-Weaver, M.，Swanson, P., Kawauchi, H. and Dickhoff, W. W. (1992). 
178 
"Somatolactin, a novel pituitary protein: purification and plasma levels during 
reproductive maturation of coho salmon." J Endocrinol 133(3): 393-403. 
Reiffen, F. U. and Gratzl, M. (1986). "Chromogranins, widespread in endocrine and 
nervous tissue, bind Ca2+." FEES Lett 195(1-2): 327-30. 
Rentier-Delme, R, Swennen, D.’ Philippart, J. C., L'Hoir, C., Lion, M., Benrubi, O. 
and Martial, J. A. (1989). "Tilapia growth hormone: molecular cloning of cDNA and 
expression in Escherichia coli." Dna 8(4): 271-8. 
Rogers, K. D., Seebacher, F. and Thompson, M. B. (2004). "Biochemical acclimation 
of metabolic enzymes in response to lowered temperature in tadpoles of 
Limnodynastes peronii." Comp Biochem Physiol A Mol Integr Physiol 137(4): 731-8. 
Rozansky, D. J•，Wu, H., Tang, K.，Parmer, R. J. and O'Connor, D. T. (1994). 
"Glucocorticoid activation of chromogranin A gene expression. Identification and 
characterization of a novel glucocorticoid response element." J Clin Invest 94(6): 
2357-68. 
Sadovy, Y. and Cornish, A. S. (2000). Reef fishes of Hong Kong: Porgies, emperors, 
and monocle and threadfm breams. Hong Kong, Hong Kong University Press: 
133-37. 
Sahlin，L.，Wang, H., Lindblom, B.，Eriksson, H.，Holmgren, A. and Blanck, A. (2000). 
"Thioredoxin expression in human myometrium and fibroids." Mol Hum Reprod 6(1): 
60-7. 
Saito, A., Sekine, S., Komatsu, Y.，Sato, M.’ Hirano, T. and Itoh, S. (1988). 
"Molecular cloning of eel growth hormone cDNA and its expression in Escherichia 
coli.” Gene 73(2): 545-51. 
Saito, T., Itoh, H.，Chun, T. H., Fukunaga, Y., Yamashita, J., Doi, K., Tanaka, T., Inoue, 
M.，Masatsugu, K.，Sawada, N., Sakaguchi, S.，Arai, H., Mukoyama, M.’ Tojo, K.， 
Hosoya, T. and Nakao, K. (2001). "Coordinate regulation of endothelin and 
adrenomedullin secretion by oxidative stress in endothelial cells." Am J Physiol Heart 
Circ Physiol 281(3): H1364-71. 
Saito, Y.，Sato, N.，Hirashima, M.，Takebe, G.，Nagasawa, S. and Takahashi, K. (2004). 
179 
"Domain structure of bi-functional selenoprotein P." Biochem J 381(Pt 3): 841-6. 
Sakamoto, T.，McCormick, S. D. and Hirano, T. (1993). "Osmotrgulatory actions of 
growth hormone and its mode of action in salmonids: A review." fish Physiol 
Biochem 11: 155-64. 
Sakamoto, T., Shepherd, B. S.，Madsen, S. S., Nishioka, R. S., Siharath, K., Richman, 
N. H.’ 3rd, Bern, H. A. and Grau, E. G. (1997). "Osmoregulatory actions of growth 
hormone and prolactin in an advanced teleost." Gen Comp Endocrinol 106(1): 
95-101. 
Sarmiento, J., Leal, S.，Quezada, C.’ Kausel, G.，Figueroa, J., Vera, M. I. and 
Krauskopf, M. (2000). "Environmental Acclimatization of the Carp Modulates the 
Transcription of b-Actin." J Cell Biochem 80(2): 223-28. 
Sato, N.’ Watanabe, K.，Murata, K., Sakaguchi, M., Kariya, Y., Kimura, S.，Nonaka, 
M. and Kimura, A. (1988). "Molecular cloning and nucleotide sequence of tuna 
growth hormone cDNA." Biochim Biophys Acta 949(1): 35-42. 
Schulz, R. W., Vischer, H. R, Cavaco, J. E.，Santos, E. M., Tyler, C. R.’ Goos, H. J. 
and Bogerd, J. (2001). "Gonadotropins, their receptors, and the regulation of testicular 
functions in fish." Comp Biochem Physiol B Biochem Mol Biol 129(2-3): 407-17. 
Sealfon, S. C.，Weinstein, H. and Millar, R. P. (1997). "Molecular mechanisms of 
ligand interaction with the gonadotropin-releasing hormone receptor." Endocr Rev 
18(2): 180-205. 
Sekine, S., Mizukami, T.，Nishi, T.，Kuwana, Y., Saito, A” Sato, M.，Itoh，S. and 
Kawauchi, H. (1985). "Cloning and expression of cDNA for salmon growth hormone 
in Escherichia coli." Proc Natl Acad Sci U S A 82: 4306-10. 
Sekine, S.，Saito, A., Itoh, H.，Kawauchi, H. and Itoh, S. (1989). "Molecular cloning 
and sequence analysis of chum salmon gonadotropin cDNAs." Proc Natl Acad Sci U 
S A 86(22): 8645-9. 
Shen, S. T., Lu, L. M.’ Chen, J. R., Chien, J. T. and Yu, J. Y. (2003). "Molecular 
cloning of proopiomelanocortin (POMC) cDNA from mud turtle, Pelodiscus 
sinensis." Gen Comp Endocrinol 131(2): 192-201. 
180 
Shepherd, B. S., Sakamoto, T.，Nishioka, R. S., Richman, N. H., 3rd, Mori, L, Madsen, 
S. S.，Chen, T. T., Hirano, T., Bern, H. A. and Grau, E. G. (1997). "Somatotropic 
actions of the homologous growth hormone and prolactins in the euryhaline teleost, 
the tilapia, Oreochromis mossambicus." Proc Natl Acad Sci U S A 94(5): 2068-72. 
Shiue, Y. L., Wang, L. H., Chao, T. Y.，Lin, C. H. and Tsai, C. L. (2004). "EST-based 
identification of genes expressed in the hypothalamus of adult tilapia, Oreochromis 
mossambicus." Biochem Biophys Res Commim 316(2): 523-7. 
Shupliakov, O.，Low, P., Grabs, D.，Gad, H., Chen, H.，David, C.’ Takei, K.，De 
Camilli，P. and Brodin, L. (1997). "Synaptic vesicle endocytosis impaired by 
disruption of dynamin-SH3 domain interactions." Science 276(5310): 259-63. 
Simao，R. C. and Gomes, S. L. (2001). "Structure, expression, and functional analysis 
of the gene coding for calmodulin in the chytridiomycete Blastocladiella emersonii." J 
Bacteriol 183(7): 2280-8. 
Slominski, A” Wortsman, J.’ Luger, T., Paus，R. and Solomon, S. (2000). 
"Corticotropin releasing hormone and proopiomelanocortin involvement in the 
cutaneous response to stress." Physiol Rev 80(3): 979-1020. 
Stachowiak, K., Tokmina, M•，Karpinska, A., Sosnowska, R. and Wiczk, W. (2004). 
"Fluorogenic peptide substrates for carboxydipeptidase activity of cathepsin B." Acta 
Biochim Pol 51(1): 81-92. 
Stmthers, R. S.，Gaddy-Kurten, D. and Vale, W. W. (1992). "Activin inhibits binding 
of transcription factor Pit-1 to the growth hormone promoter." Proc Natl Acad Sci U S 
A 89(23): 11451-5. 
Sugihara, T. M., Bach, I., Kioussi, C., Rosenfeld, M. G. and Andersen, B. (1998). 
"Mouse deformed epidermal autoregulatory factor 1 recruits a LIM domain factor, 
LMO-4, and CLIM coregulators." Proc Natl Acad Sci U S A 95(26): 15418-23. 
Suzuki, K.，Liu, D. and Hew, C. L. (1995). "A gene encoding chinook salmon 
(Oncorhynchus tschawytscha) gonadotropin alpha subunit: gene structure and 
promoter analysis in primary pituitary cells." Mol Mar Biol Biotechnol 4(1): 10-9. 
181 
Takahashi, A., Itoh, T.，Nakanishi，A., Amemiya, Y.，Ida, H., Meguro, H. and 
Kawauchi, H. (2004). "Molecular cloning of proopiomelanocortin cDNA in the ratfish, 
a holocephalan." Gen Comp Endocrinol 135(1): 159-65. 
Takahashi, A., Yasuda, A., Sullivan, C. V. and Kawauchi, H. (2003). "Identification of 
proopiomelanocortin-related peptides in the rostral pars distalis of the pituitary in 
coelacanth: evolutional implications." Gen Comp Endocrinol 130(3): 340-9. 
Tatemoto, K.，Efendic, S., Mutt, V., Makk, G.，Feistner, G J. and Barchas, J. D. (1986). 
"Pancreastatin, a novel pancreatic peptide that inhibits insulin secretion." Nature 
324(6096): 476-8. 
Tiku, P. E. (1996). "Cold-induced expression of 9A-desatiirase in carp by 
transcriptional and posttranscriptional mechanisms." Science 271: 815-18. 
Tu, Y.，Li, R, Goicoechea, S. and Wu, C. (1999). "The LIM-only protein PINCH 
directly interacts with integrin-linked kinase and is recruited to integrin-rich sites in 
spreading cells." Mol Cell Biol 19(3): 2425-34. 
Tujebajeva, R. M., Ransom, D. G, Hamey, J. W. and Berry, M. J. (2000). "Expression 
and characterization of nonmammalian selenoprotein P in the zebrafish, Danio rerio." 
Genes Cells 5(11): 897-903. 
van Hal, N. L.，Vorst, 0” van Houwelingen, A. M.，Kok, E. J., Peijnenburg, A., 
Aharoni, A., van Tunen, A. J. and Keijer, J. (2000). "The application of DNA 
microarrays in gene expression analysis." J Biotechnol 78(3): 271-80. 
van Marken Lichtenbelt, Wouter, D. and Daanen, H. A. M. (2003). "Cold-induced 
metabolism." Curr Opin Clin Nutr Metab Care 6(4): 469-75. 
Varsamos, S., Wendelaar Bonga, S. E., Flik, G, Quere, R. and Commes, T. (2003). 
"Cloning of a proopiomelanocortin cDNA from the pituitary gland of the sea bass 
(Dicentrarchus labrax) and assessment of mRNA expression in different tissues by 
means of real-time PCR." J Endocrinol 176(3): 405-14. 
Vera, M. I. (1997). "Seasonal acclimatization of the carp involves differential 
expression of 5.8S ribosomal RNA." Comp Biochem Physiol Biochem Mol Biol 
118B: 777-81, 
182 
Videen, J. S., Mezger’ M. S., Chang, Y. M. and O'Connor, D. T. (1992). "Calcium and 
catecholamine interactions with adrenal chromogranins. Comparison of driving forces 
in binding and aggregation." J Biol Chem 267(5): 3066-73. 
Vogt, L.，Schrimpf, S. P., Meskenaite, V.，Frischknecht, R., Kinter, J., Leone, D. P., 
Ziegler, U. and Sonderegger, P. (2001). "Calsyntenin-1, a proteolytically processed 
postsynaptic membrane protein with a cytoplasmic calcium-binding domain." Mol 
Cell Neurosci 17(1): 151-66. 
Wang, D. G.，Fan, J. B., Siao, C. J., Bemo, A., Young, P., Sapolsky, R.，Ghandour, G., 
Perkins, N., Winchester, E., Spencer, J., Kruglyak, L., Stein, L.，Hsie, L., Topaloglou, 
T.，Hubbell, E., Robinson, E.’ Mittmann, M.’ Morris, M. S., Shen，N., Kilbum, D.’ 
Rioux, J.，Nusbaum, C.，Rozen, S., Hudson, T. J., Lander, E. S. and et al. (1998). 
"Large-scale identification, mapping, and genotyping of single-nucleotide 
polymorphisms in the human genome." Science 280(5366): 1077-82. 
Wang, L. H., Sudhof, T. C. and Anderson, R. G. (1995). "The appendage domain of 
alpha-adaptin is a high affinity binding site for dynamin." J Biol Chem 270(17): 
10079-83. 
Watahiki, M., Ohara, E., Tsuda, M., Shoji, K., Masuji, A., Tanaka, M.，Yamakawa’ M., 
Ushiro, H., Yoneda, Y. and Nakashima, K. (1992). "Syntheses of recombinant 
yellowtail and flounder growth hormones in Escherichia coli." Biosci Biotechnol 
Biochem 56(7): 1012-6. 
Waterston, R., Martin, C.，Craxton, M.，Huynh, C., Coulson, A., Hillier, L., Durbin, R., 
Green, P., Shownkeen, R., Halloran, N. and et al. (1992). "A survey of expressed 
genes in Caenorhabditis elegans." Nat Genet 1(2): 114-23. 
Whitbeck, J. C., Peng, C.，Lou, H., Xu, R., Willis, S. H., Ponce de Leon, M., Peng, T.， 
Nicola, A. v., Montgomery, R. I., Warner, M. S., Soulika, A. M.，Spruce, L. A., Moore, 
W. T.，Lambris, J. D., Spear, P. G, Cohen, G H. and Eisenberg, R. J. (1997). 
"Glycoprotein D of herpes simplex virus (HSV) binds directly to HVEM, a member 
of the tumor necrosis factor receptor superfamily and a mediator of HSV entry." J 
Virol 71(8): 6083-93. 
Wigge, P., Kohler，K.，Vallis, Y.，Doyle, C. A.，Owen, D., Hunt, S. P. and McMahon, H. 
183 
T. (1997). "Amphiphysin heterodimers: potential role in clathrin-mediated 
endocytosis." Mol Biol Cell 8(10): 2003-15. 
Wu, T.，Patel, H.，Mukai, S.，Melino, C., Garg, R., Ni, X., Chang, J. and Peng, C. 
(2000). "Activin, inhibin, and follistatin in zebrafish ovary: expression and role in 
oocyte maturation." Biol Reprod 62(6): 1585-92. 
Xu, B.，Moriyama, S.，Zhang, P., Miao, H.，Li, D. and Kawauchi, H. (2001). "The 
complete amino acid sequence of growth hormone and partial and somatolactin from 
sea perch." Aquaculture 201: 117-36. 
Yamauchi, K., Nakajima, J.，Hayashi, H. and Kara, A. (1999). "Purification and 
characterization of thyroid-hormone-binding protein from masu salmon serum. A 
homolog of higher-vertebrate transthyretin." Eur J Biochem 265(3): 944-9. 
Yanagisawa, M.，Kurihara, H., Kimura, S.，Tomobe, Y., Kobayashi, M.，Mitsui, Y.， 
Yazaki, Y.，Goto, K. and Masaki, T. (1988). "A novel potent vasoconstrictor peptide 
produced by vascular endothelial cells." Nature 332(6163): 411-5. 
Yoshiura, Y., Kobayashi, M.，Kato, Y. and Aida，K. (1997). "Molecular cloning of the 
cDNAs encoding two gonadotropin beta subunits (GTH-I beta and -II beta) from the 
goldfish, Carassius auratus." Gen Comp Endocrinol 105(3): 379-89. 
Zatt, P., Zambenedetti, P., Wittkowski, W. and Carpene, E. (2001). "Localization of 
metallothionein I-II immimoreactivity in bovine pituitary gland." Life Sci 70(6): 
659-67. 
Zhu, Y. and Thomas, P. (1996). "Elevations of somatolactin in plasma and pituitaries 
and increased alpha-MSH cell activity in red drum exposed to black background and 
decreased illumination." Gen Comp Endocrinol 101(1): 21-31. 
Zhu, Y. and Thomas, P. (1998). "Effects of light on plasma somatolactin levels in red 
drum (Sciaenops ocellatus)." Gen Comp Endocrinol 111(1): 76-82. 
Zhu, Y.，Yoshiura, Y., Kikuchi, K., Aida, K. and Thomas, P. (1999). "Cloning and 
phylogenetic relationship of red drum somatolactin cDNA and effects of light on 
pituitary somatolactin mRNA expression." Gen Comp Endocrinol 113(1): 69-79. 
184 
Zouboulis, C. C” Seltmann, H.’ Hiroi, N., Chen, W., Young, M., Oeff, M., Scherbaum, 
W. A., Orfanos，C. E.，McCann, S. M, and Bomstein, S. R. (2002). 
"Corticotropin-releasing hormone: an autocrine hormone that promotes lipogenesis in 
human sebocytes." Proc Natl Acad Sci U S A 99(10): 7148-53. 
185 
, 名 、 々 广 � r- • ^ 
p< ^ ^ ‘：广:广乂 . . . . ‘ I , ； • 
‘ . . . ’ ；‘， ‘ V 7' ".r- • ‘ . . . “ 
• '1. •: ‘. . ，1 “ ‘ ^ • 
丄 ； . . . � • • 
1 • . ，’ ‘ • . 
.1 ‘ • I • . ‘ -
、 - • • • ？ •• 
/ 1 , 1 I 
•丨 • •. ？ • 
‘ • • -
• • 
� 
.•• . . . . . ‘ • •• ' , ' ' ; , " • 
* y 
h. 丨、• -‘ . '•^  ‘ • - _ . 
• I M ‘ Jl ‘ I -
d ‘ - I ‘ ‘ :• • 
‘广二 -- « 
；：.'., , •• , , , , . • 
- ir^ - • -.1 1 I 1 ‘ ‘ 
- •  i - - I I 
I ‘ I - I ' - M 
. � ’ . . • - , - , , ' L, I 
I 丨•. r - , - - _ _ , _ _ 「 
• _ I, , ,1, ••• -——.，：• .... _ • • 
‘,. ••••-•.:�,• ——••• r ：'-, •  - . . ‘ ' " 
H H . I • • 
丨| I-一 
. • . . ‘ I , ： ： 
• • “ - � • - • - , • . , ^ I - I , I -^ 
j. • 
j f l r V 
' _ 1 ... 
. . . ^ 
^ J 't'V^^ ‘ ^ ^ ^ ^ ^ ‘ -
CUHK L i b r a r i e s 
_ _ _ _ 
0 0 4 2 7 8 8 6 7 
